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ABSTRACT 
A management tool is needed in the food service ·industry, 
especially in the area of fast food service, to generate data on 
which to base the decision to add menu items which could better meet 
the nutritional needs of the clientele while maintaining an acceptable 
margin of profit and meeting service needs of the clientele. A com­
puter simulation model of the service component of a fast food service 
operation was developed and validated to analyze the influence of an 
additional menu item on speed of service to the customer and margin 
of profit realized by management. Data were collected for eight con­
secutive days in a fast food service operation during peak serving 
periods. Stopwatch measurements were made of arrival and service 
ti rres. The composition of the order, number of peop 1 e ·in an a rri va 1 , 
and whether the order was to be taken out or eaten in the facility, 
also, were recorded. The data were analyzed to determine the 
parameters to be utilized in the simulation model. 
General Purpose Simulation System/360 (GPSS) was used to model 
the system. The composition of the order was simulated· according to 
the independent cumulative distributions of the observed frequency of 
items in each of four established food categories. The number of 
people in the arrival and whether the order was to be taken out or eaten 
in were simulated according to the cumulative distributions of the 
frequencies observed. The mean interarrival time for each day was 
used in the model along with the distribution of the interarrival times, 
all of which were exponential. 
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The service tirres were divided into three elements. The observed 
distribution of element one service times, the time required for placing 
and paying for an order, was used in the simulation model. Element two, 
the waiting time of the customer after placement of an order and before 
receipt of food, occurred only when more than one order was taken by 
the �ervice personnel before the first order was fil led. Element 
three·service times included the time required for the employee to fill 
the order and give to the customer. Element three service times and 
the corresponding frequency of i terns ordered within each food category 
were used to detennine through regression analysis the partial regression 
coefficients by day of each category of food. The regression equation 
was used in the model to obtain the simulated element three values. 
The distributions and/or the mean values of the simu·1ated data 
compared favorably with those of the observed data. Simu·1 ati ons of 
the system with an expanded menu were done on Friday and Monday to 
detennine the effect of an additional menu item on speed of service to 
the customer and margin of profit realized by the management. Friday 
evening, with larger orders and longer service and waiting times of the 
customer, was more sensitive to the addition of a menu·item. The 
addition of fruit to the menu in the simulation model did not negatively 
alter the various aspects of the queue on Monday� The conclusion was 
made that the addition of frui t··to"the m2nu during· the week should be 
considered by management. Further study of the system on \'leek end days, 
especially Fri day evenings, was recorrmended to better assess the addition 
of fruit during that time. Further research was recormnended, also, to 
identify and quantify other components of the fast food service 
operation that affect waiting time of the customer and margin of 
profit realized by management through the collection of refined 
data over a longer period of time. 
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The practice of eating away from home has increased in ·the past 
decade in the United States from one meal in four in 1 965 to one meal 
in three in 1 9760 Vaughn (1 976) has predicted that by 1 980 approxi­
mately one-half of all meals will be eaten away from home. 
Several reasons have been given for the increase in away-from-
home eating (Call, 1 972; Vaughn, 1 976; Mclamore, 1 976) e The population 
has increased in the past decade, resulting in more people to be fed. 
Family size has decreased, and a smaller family is reported to eat out 
more often and to spend more money eating out than a larger family. The 
teenagers of the 1 950 1 s and 1 960 1 s have maintained their fast food 
preferences after attaining adulthoodo Affluence and changing life styles 
have favorably influenced eating away from homeo Disposable household 
income is reported to be increasing and an increased number of. women 
in the work force has resulted in families eating out rrore frequently. 
The increase in the number, mobility, and supplemental income of per-
sons over 65 has afforded this group greater opportunity for eating out. 
Increased educational level, increased leisure time and travel, short­
ened work week, and the trend towa:rd vacations all have provided 
greater opportunity for eating away from homeo Continued urbanization 
has increased the pool of potential customers, causing the price and 
quality of the food to be more attractiveo Technological developments, 
especially among chains, have improved efficiency and productivity, 
1 
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resulting in relatively lower prices for good food away from home. 
Concomitant with the increase in away-from-home eating has been 
the growth in fast food restaurant chains (Vaughn, 1976). Mclamore 
(1976), Chairman of the board of Burger King, stated that much of the 
credit for promoting the dining out concept to the public should go to 
the franchise fast food chains. The franchised fast food service 
establishments featuring a limited menu have shown the greatest growth 
rate since 1950 (Sherck, 1971). 
1 .1 IDENTIFICATION OF THE PROBLEM 
As fast food chains are rroving from the highways into the urban 
locations, Weiss (1974) has predicted that community participation will 
become a primary concern of the fast food establishment. The menu 
itself, Weiss (1974) warned, will·be hard hit by conmunity activists 
interested in nutritional needs being met by the fast food industry. 
Questions concerning the effect of ready-prepared foods on total 
health and nutritional status are being asked by consumers. These 
questions deal with the safety of the food· supply, nutritional quality 
of the food supply, and the quality of the American diet (Call, 1972). 
Weiss (1974) reported results of a study by Hoffman-LaRoche which 
indicated nutrition ranked second to price as a food buying concern. 
With greater use of ready-prepared foods in fast food service, the con­
sumer is asking for more nutrition information in order to better judge 
the nutritional quality of what the family eats at home, in the full 
service restaurant, and in the fast food establishment (Call, 1972; 
Sherck, 1971; Weiss, 1974). 
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Nutritional analyses of fast food meals, defined as a specialty 
item (B.ig Mac, Whopper or Super Chef), french fries, and vanilla milk­
shake, showed low amounts of fiber and relatively high amounts of 
calories and fat content (Goldberg, 1975; Anonymous; 1975; Appledorf, 
1974). The researchers differed on their findings for vitamins A and C. 
If the ·objective of a food service operation is consumer satis­
faction and optimum margin of profit, with increased consumer cogni: 
zance of nutritional excesses and deficits of the food items offered, 
additional menu items will be neededo Before items can be added to 
the menu, managers of these units need information concerning costs 
generated by adding these items and an indication of the patron's 
continued satisfaction with the quality of food, speed of service and 
purchase priceo Currently, decisions are made based on field studies 
in a particular location. A new item is introduced and its marketable 
success is judged by actual sales, the effect of the new items on 
speed of service, and reaction by the patron to this new item (Detzel, 
1976) 
Present information from the literature and·discussions with an 
executive of a fast food chain (Detzel, 1976) have indicated that 
managers of fast food operations do not have a method.for generating 
objective data on which to ·base the decision of composition of the menu. 
A management tool is needed to generate data on which to base the 
decision to add menu items which could better meet the nutritional 
needs of the clientele while maintaining an acceptable margin of 
pr.of-it: ane meetin9 ·Service. needs of the clientele o 
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1.2 PURPOSE OF THE STUDY 
The need exists in the food service industry, especially in 
the area of fast food service, for a management tool· that could-assist 
management in making decisions regarding menu· composition. The purpose 
of this study was to: 
1. Develop a computer simulation model of the service component 
of a fast food service operation, 
2. Validate the model by comparing simulated data with observed 
data, and 
3. Analyze the influence of an additional menu item on speed 
of service to the customer and margin of profit·realized by management. 
CHAPTER 2 
REV IEW OF L ITERATURE 
The technique of simulation and modeling has been used by many 
researchers in various disciplineso Evidence of simulation of service 
in a fast food operation, however, was not found in the literaturee 
The service component of a fast food service was recognized as a 
queueing problem, the type problem with which industria'l engineers 
often deal, using the operations research tool of simulationo 
2 .1 QUEUE ING 
A queue is defined as a waiting line (Hillier and Lieberman, 
1974; Parish, 1975; Rosenshine, 1975)o Queueing problems occur in 
processes and systems in which customers or transactions arrive at a 
service facility and must wait in line until served (Meier et al�, 
1969; Smith, 1968) .  Researchers have reported that the most common 
assumption of the statistical pattern by which customers are generated 
over time is according to a poisson process (Parish, 1975; Hillier 
and Lieberman, 1974; Meier et al&' 1969) 0 Events or arrivals occur 
randomly but at a particular average rate over a period of time and 
are equally likely to occur in any one interval of timeo The occurrence 
of one event is independent of the occurrence of another evente A 
second assumption reported is that the probability distribution of 
the interarrival times is exponential ( Parish, 1975; Hillier and 
L iebennan, 1974) . Interarrival times are defined as the times between 
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consecutive arrivals. After being generated, the customer enters the 
queueing system and joins a queue. Periodically, a customer is 
chosen for service by the established rule for order of service. Some 
of the orders in which customers are selected for service are first­
come-first-served, random, or according to a priority procedure. The 
service facilities, each of which contains one or more servers, per-
fonns the required service for each queue and the customer leaves the 
queueing system. 
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Various aspects of a queueing problem might be of interest to 
the manager and/or researcher. Several of these aspects are the number 
of servers, service time distribution, arrival distribution, and ser­
vice discipline on the distribution of queue length, distribution of 
time in the queue, total time of the customer or transactiop in the 
facility, and utilization of the facility (Meier et al., 1969). 
2. 2 SIMULATION 
Morgenthaler (1961) defined simulation as duplicating the 
essence of the system or activity without actually attaining reality 
itself. The dynamic behavior of complex interactive systems can be 
observed through simulation. As a result, hypotheses, decision rules, 
and alternate systems of operation can be tested under a number of 
assumed conditions (Meier et al. , 1969)0 Thus, simulation is the use 
of a model to represent over time essential characteristics of a system 
or process under study. Manipulation of the model can be done in ways 
that are impossible or impractical to perform in the real system. 
Inferences can then be drawn from the behavior observed in the model to 
7 
the actual system. Meier et al. (1 969) reported that time is a univer­
sal characteristic of simulation models. Simulation models are dis­
tinguished from other mathematical models by the fact that in simulation, 
behavior of the system is described over time and one·has the ability 
to observe this behavior. Simulation has wide applicability in business 
such.as production control �systems, inventory control systems, service 
facilities, and customer behaviors. Simulation techniques and mathe­
matical models have been used to study in the food service industry the 
movement of customers through a cafeteria (Beach and Ostenso, 1 969; 
Knickrehm et al., 1 963; Ostenso et al., 1 965); food procurement (Matthews 
and David, 1 971 ); and inventory management (Blondeau and David, 1 97 1 ; 
Montag and Hullander, 1 971 ). 
The following four steps can be identified in the process of 
applying simulation (Rupli, 1 973; Smith, 1 968): (1 ) defining clearly 
the objectives to be attained, including the isolation, definition, and 
quantification of important features of the system to be simulated; 
(2) constructing a mathematical rrodel simple enough to permit easy experi­
mentation and yet thorough enough to include the relevant aspects of the 
business situation being simulated and progranming this model for the 
computer; (3) validating the model to insure correct functioning; and 
(4) running the model to simulate the effects of various proposed sys-
tem configurations and, thus, assessing relative costs and benefits. 
Computer simulation is fast, accurate, and increases the amount 
of detail that can be handled (Collier, 1 973). Many types of mathe­
matical formulas exist for the various simulation techniques (Meier 
et al., 1 969). Because most require considerable record keeping, a 
computer can replace tedious hand computation. The objective of com­
puter simulation is to provide data which enable management to make 
decisions on a rational basis (Bucatinsky, 1973)0 
Classification of Simulation Models 
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Simulation models have been classified in a number of ways, al­
though no single classification has been complete (Bucatinsky, 1973; 
Emshoff and Sisson, 1970; Lucas, 1976; Shannon, 1975). Lucas (1976) 
revie�ed and categorized the various kinds of models into three dichoto­
mous groups: empirical vs rational models; deterministic vs stochastic; 
and dynamic vs steady state. These categories were not described as 
mutually exclusive. 
Empirical and rational models were differentiated by the explana­
tion that empirical models are descriptive mathematical forms whose 
distributions fit observed data; rational models are causal mathematical 
forms obtained by reasoning from facts and insig�ts about the structure 
and behavior of the system. With the rational models, underlying 
forces and mechanisms are taken into account where feasible, affording 
definite interpretation of the parameters. 
Lucas (1976) stated that outputs of a model could be explainable 
or unexplainable. Only the explainable aspects are noted in a deter­
ministic model; whereas, both explainable and unexplainable aspects are 
handled in a stochastic model. The degree of explainable variability is 
related to the degree of logic and how completely exploited is the know­
ledge about the system. In· a deterministic JTDdel outputs are expressed 
as functions only of particular identified variables and associated param­
eters. By specifying probability distributions from which parameters 
and variables of a deterministic form are regarded as samples of the 
population, stochastization can be obtained. 
The interaction of inputs and side conditions with system state 
has been noted to influence outputs and changes of system state. Dy­
namic models are described as those that take into account changing 
system state, as well as inputs and outputs. A system that· approaches 
equilibration is said to be steady-state. In such a system a certain 
state with certain output rates is approached or a periodic pattern 
of variation 1n state and outputs occurs. As a result, output rates 
and state can be expressed as functions of input rates and side 
conditions and of parameters which reflect constant system properties. 
2.3 SIMULATION LANGUAGES 
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Simulation languages, termed special-purpose languages. are 
designed to solve a certain type problem. as compared to general-purpose 
languages, such as FORTRAN and COBOL. designed to solve a broad class of 
problems (Shannon. 1975). The development of simulation languages has 
evolved since the late 1950's. The advantages and disadvantages of 
general-purpose and special-purpose languages were outlined by Shannon 
(1975). General-purpose languages have the· advantage of having a mini­
mal number of restrictions imposed on fonnat of output and are languages 
in which people are frequently already knowledgeable. General-purpose 
languages, however, require longer programming time and do not have a 
feature by which simulation language terms are debugged. In contrast, 
special-purpose languages require less programming time; provide more 
comprehensive error checking techniques; provide a brief, direct vehicle 
for expressing the concepts of the simulation; are able to construct and 
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furnish user subroutines essential to any simulation routine; auto­
matically generate data necessary for simulation runs; facilitate 
collection and display of data generated; and control management and 
allocation of computer storage during the simulation run. Disadvan­
tages given for special-purpose languages were the necessity of adhering 
to output fonnat requirements of the language, reduced flexibility in 
models, and increased computer running time. 
Two distinct types of special-purpose digital simulation lan­
guages developed separately: simulation of discrete-change and 
continuous-change processes. Various categories of languages, each 
containing several languages, were developed under each type. Meier 
et al. (1969) stated that the best known and most frequently used 
simulation languages are Dynamo, Simscript, and General Purpose 
Simulation System (GPSS). Dynamo is an example of a language that 
simulates a continuous-change process. Dynaroo was characterized by 
Shannon (1975) as a language helpful in modeling variables continuous 
in value but discrete in time. Dynall() uses an equation structure 
with an orientation around aggregate rates of flow and levels rather 
than around transactions as in GPSS. Meier et al. (1969) described 
Dynamo as less flexible than GPSS, for it lacked the ability to go 
outside the standard block operations and existing equation forms. 
Simscript and GPSS are examples of languages that simul�te a 
discrete-change process. The former represents the statement-oriented 
school of thought and the latter, the flow-chart symbols. Simscript 
language is reported to require knowledge �f computer programming, unlike 
GPSS and Dynamo. The system to be simulat�d in Simscript is defined in 
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terms of entities, attributes of the entities, attributes of the system, 
and sets. Simscript is termed an event-oriented language (Shannon, 
1975). 
The developers referred to GPSS as a-program rather than a 
language, because the user of GPSS does not write computer programs in 
the traditional sense. GPSS has the capability of simulating a great 
variety of systems in which the flow of transactions through a series 
of processing functions is the principle feature (Meier et al., 1969; 
Emshoff and Sisson, 1970). 
GPSS is represented in terms of specialized blocks through which 
· transactions rrove in time through a system and whereby actions are 
executed (Shannon, 1975; International Business Machines Corporation, 
1971; Meier et al., 1969). The essential components of the system 
in GPSS are facilities, storages, and queues. Certain statistics 
regarding facility utilization, storage utilization, queue contents, 
and number of transactions flowing through the blocks of the system are 
automatically compiled and printed. Additional information can be 
collected and printed in table form and "savevalues"·according to the 
needs of the user (Meier et al., 1969). The blocks are used in the 
flow chart and contain the message to be programmed in the model. All 
times in the GPSS rrodel are expressed as integers· (International Business 
Machines Corporation, 1971; Meier et al., 1969). 
Shannon (1975) reported that wh�le easier to learn, flow-chart 
languages (GPSS) were less flexible than statement-oriented languages 
(Simscript). On the other hand, Meier et al. (1969) pointed out the 
flexibility of GPss·through the use of: multiple transactions, facilities 
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storages, and queues in rrodel construction. In a·survey conducted by 
Kleine (1971), users rated ten s imul at ion ·languages. GPSS was ranked 
first in ease of the use of the language, second as the preferred 
language, and fourth in the category of capability of the language. 
The structure of GPSS has been noted to be quite applicable to queueing 
problems (Meier et al., 1969). 
2.4 METHODS TO GENERATE DATA 
Two methods were found for the generation of time data in a 
fast food service operation. Predetermined motion times and stop­
watch time study have been used in ·various aspects of·industry 
including food service. 
Predetermined Motion Times 
Methods Time Measurement (MTM) � ·. MTM was ·developed·  by Maynard et al. 
(1948) through analysis of motion pictures of industrial operations. 
In the study, 16 mm film was used with sixteen frames per second. The 
equivalent of 1/16 second expressed in a decimal hour is approximately 
0.00001, the value of one Time Measurement Unit (TMU). This value is 
1/100,000 of an hour. The relationship of 1 TMU to a minute and a 
second are 0.0006 and 0.036, respectively. In 1 hour, 1 minute, and 
1 second there are 100,000; 1,670; and 28 TMU, respectively. MTM con­
sists of the classification of a11·manual motions into seven categories, 
each of which is subdivided into several additional·categories. Each 
subcategory is ·assigned a· time expressed in time measurement units. 
A major advantage of MTM is its precision which contributes to its 
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s uccess as a tool for meas uri ng s hort-cycl e ,  hi gh ly  repeti ti ve work . 
The feasibil ity of usi ng s uch predetermi ned nntion- time techniq ues 
was eval uated by Beach and Os tenso ( 1 969 ) to accurately determi ne 
performance times for el ements of entree servi ng cycl es . The mean 
element times determi ned by MlM were found to be eq ui val ent to those 
detennined by stopwatch time · s tudy .  Di sadvan tages of MTM were noted 
as very time cons umi ng , difficul t ,  and expensive when appl ied to l o ng ­
cycl e activities . A simpler time s tandard was created . 
Master Standard Data (MSD) .  A n  outgrowth o f  Methods Time 
Meas urement , MSD was devel oped by Cross an and Nance (1 972 ) . MSD was 
based on  the s ame meas urement unit , TMU , b ut consis ted of only seven 
basic el ements and no s ubcategories . The princip l e feature was an 
al pha-mnemonic codi ng scheme to simpl ify memory of the el ements com­
prising the time units . Al tho ugh less precise, MSD was fo und to be 
accurate, consistent ,  and economical to use .  Several s tudies have deal t 
speci fical l y  with the es tabl is hment and/or us e of ti me standa rd codes 
i n  food production (Montag et al . ,  1 964 ;  Ruf and Matthews , 1 9 73;  
Wal dvogel and Os tenso , 1 9 77a and 1 9 77b ) . MSD was uti l i zed in al l three 
s tudies . 
Stopwatch Time Study 
Antis  (1 971 ) defi ned time s tudy as · · a- procedure used to meas ure 
the time required by a q ual ified operator worki ng at the no nnal per­
fonnance l evel to perfonn a given · tas k in accordance wi th a speci fied 
method . A tool of work meas urement ,  stopwatch ti me study · has been used 
i n  the food service i ndus try to determi ne the time requi'red to do work 
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(Coffey et al. ,  1964; Heinemeyer and Ostenso, 1968; � Beach and Ostenso, 
1969; Knickrehm et al e, 1963; Ostenso et al o ,  1 965). 
lniti ally, the operation to be observed ·should be · subdi vided 
into smaller elements that can be studied and timed separately . An 
element has been· defined by Antis (1971) as a -subdivision . of an opera­
tion that is distinct, measurable, and contains a logical portion of 
the work. 
Various tools are required for time study . Three types of time 
study watches are used primaril y :  the decimal minute watch, the 
decimal hour watch, and the split-second watch · (Antis, ·1971) . A time 
study or observation form is needed . Such a form should be developed 
so that its arrangement facilitates the recording of times and provides 
space for marginal notes. Such a fonn would then all ow the observer 
to tell the complete story of events being · observed. A thin board, 
light in weight, is needed to hold the time study · form (s ) and watch (es). 
Two principal methods of reading the watch when conducting a 
time study are the. snapback method and the continuous method (Antis, 
1971). When the continuous method is ut i l ized, every event · that 
occurred during the study can be recorded sequential l y  and, thus, 
provide information on each · instant of the study G The recording of 
elements performed out of ·the normal· sequence i s  facilitated by using 
the snapback method. Objection to the snapback · method has been voiced 
in lost time when the watch was snapped back ·to · zero. Multiple · watches, 
however, have been used to - overcome this objection. 
CHAPTER 3 
PROCEDURE 
The initial purposes of this research were to build and vali­
date a computer simulation model for the service component of a fast 
food operation. The model was then used to analyze the influence of 
an additional menu item on speed of service to the customer and margin 
of profit realized by management . 
Stopwatch time study was used to generate data primarily because 
of the greater ease of its use in a conmercial operation. The contin­
uous method was used to time the arrival of customers to provide a 
sequential recording . of arrival times so that interriva1 times could 
be determi�d . The snapback method was used to time the service 
elements which were often performed out of the normal sequence . The 
General Purpose Simulation System was selected as the special- purpose 
language to be used in this study to simulate the service component 
of the fast food operation observed. The applicability of GPSS to 
queueing problems was the major consideration in the selection. 
3. 1 DESCRIPTION OF THE SYSTEM 
The manager of a group of local units of a national franchise 
was approached to obtain permission to 
1. Draw the layout of the service area of a local unit, and 
2 .  Use the local unit to record arrival time of customers and 
to measure service time. 
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The drawi ng of the l ayout as s i sted i n  descri b i ng the system . The 
time data were requi red to study the dtstri buti on of the real data and 
to provide the framework for devel opment and val i dat·1 on of the computer 
simul ation model . 
The system contai ned three cas h reg i sters , des i gnated 1 ,  2 ,  3 
i n  Figure 3 e  1 ,  from wh 'i ch three servi ce queues fa nned .. Food was pre­
pared by production personnel in area 1 1  and pl aced according to 
category on a pickup co unter o For exampl e ,  al l k i nds of b urgers were 
pl aced under infrared l i ghts on the p i ckup counter , area 7 ,  and al l 
ki nds of beverages on the p i c kup  counter desi gnated as area 6 .  
The service pe rsonnel , stati on�d i n  area 5 ,  cal l ed out each 
item of a customer ' s  order . Th i s  signal ed production personnel to 
begi n preparation of the i tem and/or to pl ace i t  on  the pi ckup counter . 
Condiments were kept under the service co unter ( area 4 )  and were pl aced 
on the tray or  in the sack i f  the customer ordered sal t ,  pepper , or 
catsup .  Napki ns and straws were kept between the serv 'i ce area and 
the dining area in area 9 and were obtai ned by the customer wh i l e  
waiti ng for or after recei vi ng the o rder u  
3 o 2  METHODOLOGY 
Audi t Trai l Data 
In the estab l i shment observed , cons i derab l e  1 nformation was 
computerized and avai l able on the cash reg ·1 ster tape . The registers 
were computer programmed to pro vi de pro fl 1 e i nfo rmatfon on customers 
served·, s uch as , the number of orders pl aced , the number and type of 
food items per order , whether the order was "take out 1 1  or "eat i n , 1 1 
1 4  
1 3  1 3  
1 0  
1 7  
1 2  










- Cash Reg i ster No. l 1 0  - Manager ' s  Off ice 
- Cash Regi ster No. 2 1 1  - Prepijrati on Area 
- Cash Regi ster No. 3 1 2  - Di n ing Area 
- Service Counter 1 3  - Area of queue formation 
- Area i n  whi ch servi ce per- for service 
sonnel were stationed 1 4  - Area where Investi gator l 
- Beverage area of pickup counter stood and observed 
- Sandwi ch (Burger) area of pick- 1 5  - Area where Investi gator 2 
up counter sat and observed 
- French Fry and Onion Ring_ · area 
of pickup counter 
- Area where napki ns and straws 
were kept 
Fi gure 3. 1 .  Servi ce Area of a Fast Food Operati on. 
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and the cl ock time at wh i ch each order was pl aced . The tapes on  al l 
three cash reg i s ters were marked at the beg i nn i ng and end of each 
observati on peri od . After each observation period was compl eted , the 
tapes were removed and the data recorded on a fo rm devel oped fo r thi s 
purpose ( Form D . 1) . 
Prel i mi nary Study 
Over a two-week peri od a · prel imi nary study of the system was 
undertaken to i denti fy and defi ne the el ements to be measured and to 
refi ne the forms devel oped for reco rd i ng the data . Sampl e data were 
co l l ected duri ng one-to· two-hour observati on peri ods o n  fi ve di fferent 
days to determi ne the logi sti cs of the study and the number of 
observers requ i red . The el ements of servi ce were · defi ned i ni ti al l y  
to encompass only one or two actions ; however,  the time of some of the 
actions was sho rt and dtffi cul t to ti me .  For thi s reason and because 
the sequence of the acti ons was consi stent ,  several acti ons  were 
corrbi ned , res ul ti ng i n  th ree el ements of s ervi ce o 
The stopwatches to be used i n  col l ecti n g  the ti me data of 
arri val and servi ce were sel ec ted. A Meyl an conti nuous dec imal mi n ute 
stop,1atch was sel ected to ti me the arri va l of customers. To record 
the serv ice times a Heuer- Leoni das snap-back  dec imal  mi nute s topwatch  
was cho sen . Both were cal i b rated to 1 / 1 00 of a mi nute . 
Arri val T imes 
Actual arri val ti mes were reco rded on Fonn D . 2 wi th i n  
the two-hour observation peri od . Us i ng a con ti n uous stopwatch 
wi th a maximum range of 30 mi nutes , the observer ti med arri val s for 
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four consecutive 30 mi nute per iods , starti ng each t 1 me at 0 . 00 minutes 
and ending at 30 . 00 mi nutes . Interarri val t i mes were calculated by 
taking the di fference between each arr i val t 1 me recorded and the arri­
val time precedi ng it . W ith each record i ng of an arrival time, a tally 
was made of the number of people i n  the arri va l . Whil e observer one 
was measuring service t imes ,  obse rver two was concurrently recording 
arrival times . 
Service Times 
The definitions for three el ements of serv i ce evol ved as a 
result of the preliminary observati on. Al l three elements were 
recorded throughout each two-hour period of observat i on us i ng 
Form D .  3 for elements oRe and two and Form D-4 for e 1 ement 
three . • 
Element one. This element began when the _empl oyee said , "May 
I help you? 1 1  The employee then rang up ec1ch i tem on the cash regi ster 
as i t  was ordered, tall1 ed the order, cal l ed out the i tems over the 
microphone to the production personnel , reached fo r the customer ' s  
money, made change and gave i t  to the customer, and c l osed the cash 
register drawer. The sequence of perfonnance usual l y  occurred i n  this 
order. Occasionnlly, the last two were rever s ed .  El ement one ended 
with either mak i ng change and givi ng i t  to the customer or c l os ing the 
cash register drawer . 
Element two . Thi s element was the wai ti ng time of thee cus tom�r 
in a second queue. When the system was ful l, a management policy 
instructed the employee to take up to three orders before fi lling the 
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order for the first customer o This policy resulted in the formation 
of a second queue after one to three orders were placed and before the 
food was received by the customers o Occasionally , during peak periods , 
these queues increased to four or five people e However , when the 
system was not full , element two was usually zero. · If no one were 
waiting , the service personnel , after giving change · to a customer and/or 
closing the cash register drawer , picked up a tray or sack and went 
to the pickup counter to get the food for that customer , signaling the 
beginning of element three . Element two for a particular customer began 
after the closing of the cash register and/or the giving of change to 
that customer and ended when the service personnel picked up a tray or 
sack and went to the pickup counter to get the order for that customer . 
Element three . Element three began after the empl oyee closed 
the cash register drawer and/or gave change to the ,customer o Timing 
of the element started when the employee reached · for a sack or tray 
and/or walked to the pickup counter o The empl oyee , then placed the 
items ordered in a sack (s ) or on a tray (s ) ,  sometimes waiting at the 
pickup counter for various items. The empl oyee then returned to the 
counter , gave the order to the customer , asked if they ' d · like condiments 
(salt , pepper , cats up ) ,  and then said , "Thank you o II Element three 
was thought to be a function of the number and compos i tion of items 
ordered. Correlating the audit .trail information with specific stop­
watch time readings in the preliminary observation was not feasible. 
Therefore , food items were tallied by category while ti ming the third 
element of service. Six categories were · established : burgers , beverages , 
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french fries, onion. rings, dessert a . and dessert b .  These .categories coin­
cided with the arrangement of food items on the pickup counter � For 
example, all burgers were in one section and all beverages in another 
( Fi g u re · 3 . 1 ) • 
A schematic diagram (Figure 3 .2) depicts · the · sequencing of the 
three elements of service for three customers, all pf .. whom pl aced their 
orders before the first customer received · his/her food . The waiting 
time, element two, of the first customer included the time required 
for the next · two customers to place their orders (element one) . The 
waiting time of the second customer included the time required for 
the third customer to pl ace his/tler order (�1 em, nt one) and the time 
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Figure 3 . 2 .  Schematic Diagram Depicting Sequencing of the 
1hree Elements of Service for Three Customers in Minutes . 
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The waiting time (el ement two) of the third customer i"ncl uded the time 
required for the first two customers to receive their  food (el ement 
three). These el ements were timed consecutively· d uring 1 20 minute 
observation periods. A set of three snap-back ·stopwatches were used . 
The watches were arranged on a board and synchronized through - mechani­
cal l inkage to resul t in continuous timing of short el ements e 
Observation Period 
Observations were made on week ends and weekdays during peak 
periods as designated by the manager of the unit and confinned by 
prel iminary study o ' The periods of observation were : 
Monday through Thursday - 11 : 00 a om o  - 1 : 00 p.m .  
Friday 5 : 30 . p om o - 7 : 30 P o m o  
Saturday - 1 2 : 00 noon - 2 : 00 p orn. 
Eight consecutive days of observation were made beginning and ending on 
Friday evening. Eight days were chosen . to provide data for four 
days each of week end and weekday observation . . 
Two observers coll ected the data o One stood in area 1 4  
( Figure 3. 1 ) to record. service time.s: and t.o tally the cate-
gories of items selected o The other observer sat at a counter at the 
entrance to area 15 (Figure 3 ol) to record arr ival ti mes and to tal ly 
the number in each arrival o 
3 o 3 STAT I ST ICAL ANALYS I S  
Audit Trail Data 
Audit trail data were anal yzed in two ways : (1 ) The frequency 
of the number of items in each food category was obtai ned by day from 
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the cash register audi t , ·trai l data , and ( 2) all the comb.inati ons of 
food items ordered each day were listed with frequencies noted for 
each · combinati on. Independent cumulati ve distributions of the frequency 
of items in each category were deemed · appropri ate for · the si mulation 
for two reasons : 
1 .  The number of combi nations of food items ordered duri ng 
the two-hour observation period was quite h igh. Approxi­
mately one-half of the observed orders on weekdays and 
two-thirds of those on week ends were of combi nations 
ordered only once . The number of frequenci es for many of 
the order compositions was deemed too low to provide a 
feasible approach to simulation , although joint distri­
butions of food items were recognized by the investigator 
as probably real . 
2 .  Management of any fast food service i s  not confined to 
particular combi nations of an order , but rather must take 
the order as gi ven by the customer and fill· i t  in  as short 
a time as possi ble . Merchandisi ng would have an influence 
on items selected by the customer , but merchandising was 
not an aspect of th is study e 
To determi ne i ndependence across day , the frequency of items 
was evaluated by chi square contingency tables . If signifi cant , the 
overall chi square value · was parti tioned i n  an attempt to i dentify the 
source . of differences . The di stri buti ons for those days that were not 
signi ficantly different were combi ned , cumulated , and used i n  the simula­
tion model . 
24 
Informati on concerni ng whether the order was to be taken out or  
eaten in  was obtai ned from the audi t trai l  data � Percentages of 
these orders were determi ned for use in the s i mul ati on model . The 
compos i ti on of food i tems i n  orders to be eaten i n  was compared w i th 
that i n  orders to be taken out . 
Arri val Times 
Interarri val ti mes were comp uted · from th e arri val times . The 
range of i nterarri val ti mes was . determi ned for each peri o d  o f  obser­
vati on and di vi ded i nto ten equal i nterval s .  The frequency of i n ter­
arri val t imes duri ng - each foterval was · pl otted 9 · . us i ng the upper l .imi t  
poi nt  o f  the i nterval . The Ko lmogorov- Smi rnov · test was used to tes t 
the goodness of fi t of · each day •  s di s tr i b ution of i nterarri val ti mes 
w i th th at of an ass umed theoretical di s tr i b ut i on !I us i ng the fol l owi ng 
compl ement of the cumul ati ve probabi l i ty ( Hi l l i er and L i eberman !I 1 974 ) :  
where : 
p · { T > t }  = e- At 
P = Probab i l i ty 
T = I nterarri val ti me 
t · = Interval of  ti me 
e = Natural logari thm base whi ch i s  app roxi matel y 2 .  71 83 
A = Mean arri val rate . 
Mean i nterarri val t imes for each day were cal cul ated to be used i n  the 
s i mul ati on model o 
The frequency of the number of peopl e i n  each arri val was 
deri ved fo r each day observed o To determi ne ·i ndependence across day !I 
the frequency of the number i n  an arri val was eval uated by ch i sq uare 
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contingency tabl es . If significant , the overal l chi square was 
partitioned in an attempt to - identify the source of differences o The 
distributions for those days that were not sign i fi cantl y · different 
were combined , cumul ated , and used in the si mul ati on model . 
Service Times 
El ement one a Since no a priori evidence of specifi c statistical 
distributions was avai l abl e ,  the range of times observed each day was 
divided into ten equal i nterval s .  The probabi l i ty of occurrence within 
each interval was estimated empi rical l y  and was used in - the si mul ation 
model . The frequency of el ement one time val ues fal l ing within each 
interval was pl otted , using the upper l i mi t po int · of the i nterval . 
Mean val ues for el ement one service tines were calcul ated· for each day . 
El ement two . The stmul ation model , g i ven the interarrival time, 
distribution of interarri val times, and the serv i ce ti mes - obtained from 
the system observed , had the capabi l i ty of indicat i ng the ti me in the 
second queue or el ement· two o Thus, el ement two val ues were not used 
i n  devel oping the si mulation model o However , the mean and standard 
deviation of the observed val ues were cal culated for compari son with 
the val ues obtai ned in the simul ation o 
El ement three o The frequency of el ement· three servke times was 
pl otted for each day . The range of ti mes observed was di vi ded into ten 
equal interval s and the frequency of el ement three fal l i ng withi n each 
interval was pl otted , using the upper l imi t po i nt of the· i nterval s .  
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The Kol mogorov- Smi rnov test was used to test the · goodness of fit of 
the observed values with an assumed theoretical distribution . 
The total service time of an order was analyzed by multiple 
regression to enable the prediction of servi ce times from the combina­
tions of items ordered o After the initial multiple regression analysis, 
the categories of pie and ice burger were omitted o The sample sizes 
of these two categories in this study were deemed · to be insufficient 
to provide definitive evaluation of the effect of pie and ice burger 
on service time . The - relationships between· service time and composi tion 
of order was estimated separately through multiple regression analysis 
for each day. On examination of the residual variance by Bartlett ' s  
test, heterogeneity was observed . In addition, the · magnitude of the 
partial regression coefficients was observed to be different· among 
days. Therefore, after consi deration of both findings, day by day 
analysis was deemed the appropriate approach o 
CHAPTER 4 
RESULTS AND D I SCUSS ION 
The procedure presented in  Chapter 3 was used to generate and to 
analyze data required to bui ld a computer si mulation model of the ser­
vice component of a fast food operation a From this analysis, estimates 
of the parameters necessary for the model were determined and were sub­
sequently compared with the simulated data to validate the model. 
4 ol AUD IT TRAIL DATA 
The frequency by category of food ordered for each day was esti­
mated from data obtai ned from the audit trail tapes o In Table 4 .1 
chi square statistics resulting from contingency table analyses of 
the frequency of food items by category obtai ned from audit trail data 
for the observation periods are shown o Except for the distribution of 
frequency of onion rings ordered on the four week end days, the fre­
quencies of all other categories ordered on weekdays and week end 
days were significantly different o 
The variation in frequency of beverages ordered on the week end 
was relatively more signi ficant than the variation i n  burgers and 
french fries ordered on those four days . The greater s ignificance in 
variation of number of beverages ordered might be explained, in part, 
by the differences in percent of zero ( 1 10 1 1 ) · •  beverage orders or percent 
of orders containi ng no beverages (Table 4 o 2) e  Friday I and Friday I I  
had greater percentages of 1 10 1 1  beverage orders than did Saturday and 
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TABLE 4 o 1 
C H I  SQUARE STAT I STICS RESULTING FROM CONT IGENCY TABLE ANALYSES 
OF THE FREQUENC Y OF FOOD ITEMS BY CATEGORY OBTAI NED FROM 
AUD IT  TRAIL  DATA FOR THE OBSERVATION PERIODS IN THE 
SERV ICE COMPONENT OF A FAST FOOD OPERATION 
Four Two 
Four Week end Fri day 
Weekdays Days N i ghts 
Categories x 2 x2 x2 
Burgers 25.99* 26 � 40
+· 
2 . 53 
Beverages 21 � 27* 47  .01 ** 1 .61 
French Fries 2 ·1 .83* ·1 9 �65 ... 1 . 1 4  
Onion Rings 8.94* 4 .. 57 2 . 75 
*Significant at P � � 05. · 
**Significant at P � � 001 � 
+Significant at P � . 1 0 .  
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TABLE 4 .  2 
COMPARISON OF SELECTED AUDIT TRAIL DATA FOR THE OBSERVATION PERIODS 
IN THE ·sERV IC E COMPONENT OF A FAST FOOD OPERATION 
Days 
Week End Days 
Fri day I 
Saturday 
Sunday 





















1 7  .. 7 
25 a 7  
37.4 
3L8 
1 8. 2  
1 4 . 7  




84 .9  
57 e6  
57 e6  




68 . 0 












*The " Eat In" orders with 1 1 0 1 1  beverages contained french fries , 
oni on ri ngs , ·and/or dessert i terns o 
**The " Eat In 1 1 orders wi th 1 1 0 1 1  beverages contained burger (s ) ,  
french fries ,  and oni on rings . 
Sunday. Friday I and Friday II, also, had a greater percentage of 
"take out" orders than did the other two days of the week ·end. All 
of the 1 10 1 1  beverage orders on Friday I and II  were "take out" orders. 
In comparing the week end days and the weekdays, the percentages of 
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1 10 1 1  beverage orders of the four week end days were nnre divergent than 
were the percentages of the four weekdays. In addition, a slightly 
greater nurrber of " 0 "  beverage orders were eaten in the food service on 
the four weekdays. 
The categories of food ordered (Table 4. 1 )  on the two Friday 
nights were not significantly different, indicating an influence of 
day, in some respect, on the combinations of orders placed. The number 
in the group and the activities of the evening culminating a work or 
school week may have influenced the composition of orders. 
4. 2 ARRIVAL T IMES 
The statistics of the observed interarrival times of customers 
by day are shown in Table 4 e3. The distribution of the frequency of 
interarrival times for each day was not significantly different from 
the assumed theoretical exponential distribution for that day. The 
goodness of fit of the distribution of the frequency of observed inter­
arrival times on Friday II and Monday with the assumed theoretical 
exponential distribution is shown in Figures A. l and A. 2 ,  respectively, 
as two . representative days . The plots of the other six days are on 
fil e .in the . Department of Food· Science, Nutrition and Food Systems 
Administration at the University of Tennessee, Knoxville. The 
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TABL E 4 . 3 
STAT I STICS OF THE OBSERVED INTERARR IVAL T IMES OF CUSTOMERS 
BY DAY I N  THE SERV ICE COMPONENT OF 
A FAST FOOD OPERATION 
Standard 
Observations Range Mean Devi ati on 
Days Number Mi n utes Mi nutes Rin utes 
F ri day I 1 (>6 0 1> 02-04 0 56 0 .  71 2 D o  7 36 
Saturday 1 76 0 . 02-03 0 37 0 . 682 0 . 679 
Suriday 1 37 0 . 02-03 .. 74 0 0 874 0 . 756 
Mon day 1 21 0 . 01 -06 .49  0 0 989 1 . 093 
Tuesday 1 35 0 . 01 - 1 0 . 42  O e 889 1 . 329 
Wednesday · 1 40 . 0 .-02-08 .. 27 0 0 856 0 . 997 
Thurs day - l44 0 .. 02-1 1 0 69 0 0 833 l . 1 71 
Fri day , I I  1 72 0 .. 02-03 .. 73 0 . 697  . 0 . 629 
arri val s met · the cri teri a for constituting a poi sson process (Hi l l i er 
�rnd _Lieb�rlnaO , ·1 974 ) . 
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Ch i square stati sti cs resul ti ng from conti ngency tabl e anal yses 
of the nurrber of peopl e observed i n  an arrival are shown i n· Tabl e 4.4. 
The difference in di stri bution of frequencies was· s i gn if icantl y 
di fferent when al l eight days were compared. However, when the four 
we.ekdays were compared as a group and the four week end days were 
compared as a second group, the distri butions of the frequenci es with in  
both groups were not significantl y d i fferent • . .  The di fferences i n  
weekday and week end patterns of the number i n  an arri val were 
observed. Fam i l ies and l arger groups were eati ng out on the week ends ; 
whereas, s ingl es and groups of two stopped at a fast food servi ce · duri ng 
the week. Arrival s w ith one and two peopl e accounted for 87% to 93% of 
TABL E 4.4 
CHI SQUARE STAT I ST I CS RESULT I NG F ROM CONT I NGENCY TABLE . ANALYSES 
OF THE NUMBER OF PEOPL E OBS ERV ED I N  AN ARRIVAL I N  THE 
SERV ICE COMPONENT · OF A - FAST FOOD OPERAT ION 
Comparisons 
Al l days . of observati on 
Four weekdays 
Four week end days 
*Signi fi cant at P � o 05 o  
Chi - Square Val ues 
37.21 * 
6. 85 
1 o .  38 
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the arrivals on weekdays, compared with 76% to 82% of the arrivals on 
week ends . Arrivals with more than three people accounted for only 
3% to 6% of the arrivals on weekdays, but 5% to 1 2% of the arrivals on 
week ends . 
4 . 3  SERV ICE T IMES 
Element One 
The statistics of the observed element one service times by day 
are shown in Table 4 . 5 .  The four highest mean values were observed on 
week end days . Data indicated that larger orders were placed on the 
week end and the investigator observed that more children gave the order 
on week ends and appeared somewhat slower in giving the order of their 
family or group than an adult might have been . Friday I and Friday II  
had the largest means with Sunday being third and Saturday being fourth . 
The means for the four weekdays ranged from 0 . 594 to 0 . 677 . The 
standard deviations for all eight days varied from 0 . 222 for Monday 
to 0 . 41 2  for Sunday . Except for Saturday, the standard deviations were 
larger for the four week end days than for the four weekdays . Various 
factors were observed which influenced the element one service times .  
Special orders would take longer at times for the employee to obtain 
the infonnation from the customer and note it on the cash register tape . 
Sometimes the customer would take somewhat longer in paying for the 
order, especially if giving exact change and paying only with change . 
In · turn, the employee would organize the change for placement in the 
drawer . Another cause for a longer time for element one was the 
employee ' s  need to get change for a large bill from the assistant 
Days 







Fri day I I 
TABL E 4 .5 
STATI ST ICS OF THE OBSERVED ELEMENT ONE SERV I CE 
T IMES BY DAY I N  THE SERV ICE  COMPONENT 
OF A FAST FOOD OPERAT ION · 
Observations Range Mean 
Number Minutes Minutes 
37 · 0 & 24- 1 . 75 0 . 823 
65 0 .  28- 1 . 32 0 . 686 
59 0 . 1 7- 2 . 60 0 . 735 
· 70 0 .  21 -i  . 48 0 . 594 
59 , Q o 29 -1 e 67 . 0 . 67 7  
68 0 .  20-1 . 24 0 . .  606 
66 0 . 22-2' . 1 0 0 . 637 





O e  357 
0 .  260 
0 .4 1 2 
0 . 222 
0 . 29 2  
o . .  238 
0 . 289 
0 . 306 
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manager . On occasion, the customer might change his/her mind on an 
item and reorder, causing element one to be lengthened . 
A compari'son of the cumulative distribution of frequencies of 
observed element one service times on Friday II and Monday with the 
cumulative normal distribution is shown in Figures A o 3  and A .4, 
respectively . Examination of the plots of these two representative 
days indicated that a multimodal distribution existed . Such multi­
modality existed for all eight days and might be explained by the 
occurrence of a normal distribution for slower service times and a 
separate nonnal distribution for faster times . An effect was believed 
to be influencing the distribution of element one time values . Such 
an effect was attributed to day in this research; · however, the deter­
mination of the specific aspects of day causing such an effect was not 
within the scope of this investigation . The plots of the other six 
days are on file in the Department of Food Science, Nutrition and Food 
Systems Administration at the University of Tennessee, Knoxville o 
Element Two 
The statistics of the observed element two values by day are 
given in Table 4 . 6. The mean· values ranged from O o703 on Wednesday 
to 1 .267 on Friday II . Except for Friday I, the means and standard 
deviations were larger for the four week end days than for the four 
weekdays . The smaller mean on Friday I might be explained, in part, 
by the small sample of times obtained for that day . 
Element Three 
The statistics of the observed element three service times by 
day are shown in Table 4 .7 .  The goodness of fit of the· distribution 
Days 







Fri day I I  
TABLE 4 . 6 
STAT ISTICS OF THE OBSERVED EL EMENT TL\O VALUES 
BY DAY I N  THE SERV IC E  COMPONENT 
OF A FAST FOOD OPERAT ION 
Observations Range Mean 
Num6er Mi nutes Mi nutes 
�7 0 0 00-3 0 1 0 0 0 764 
65 O o 00-3 . 98 1 e 21 5 
59 O o 00-4 o 38 0 . 896  
70 0 . 00-3 .42  0 0 865 
59 0 . 00-2 . 64 O o 766 
68 0 . 00-3 0 62 0 0 703 
66 0. 00- 3 . 1 5 0 . 834 
60 O o 00-5 . 32 1 . 267 
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Standard 
Dev i ation 
M i nutes 
0 0 948 
L 023 
1 . 095 
0 . 884 
0 0 7 38 
0 . 770 
0 . 788 










TABLE 4 o 7 
STAT ISTICf OF THE OBSERVED ELEMENT THREE SERVICE 
TIMES BY DAY IN THE SERVICE COMPONENT 
OF A FAST FOOD OPERATION 
Observations Range Mean 
Number Minutes Minutes 
25 0 & 27-2 . 75 'l a ?.55 
73 0 0 1 0- 2 .  38 O a 666 
57  Q e 09- 3 .  96 0 0 938 
70 0 . 1 0-4 . 1 7 0 0 521 
61 0 . 1 1 - 2 .  38 0 . 575 
64 0 .. 1 5- 2 . 55 0 0 677 
64 0 . 1 2-1 . 55  0 . 574 






0 . 5 1 6  
O a438 
O a 252 
0 0 350 
0 . 44 3 
0 . 248 
0 . 637 
aStatistics of element three servi ce ti mes that di d not obtain  
desser� · a and/6r dessert b. 
of the frequency of observed element three service times on Friday II  
and Monday with the assumed theoretical exponential distribution is 
shown in Figures A.5 and A e 6, respectively. 
The distributions of frequencies for each day, except Tuesday 
and Thursday, were not significantly different from the assumed 
theoretical exponential distributions (Figures A.7 and A.8). On both 
Tuesday and Thursday the number of frequencies in the first interval 
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was less than the number in the second interval, causing the difference 
of the cumulative percentage of frequencies in the first interval from 
one to be greater than on most of the other days; thus the percentage 
notation for the first interval approximated or slightly exceeded the 
limits of the theoretical distribution. The percentage noted for all 
other intervals fell within the limits o On Thursday a busload of 95 
people arrived during the two hours of observation. Although the service 
times of the orders of the busload were not timed, the presence of the 
95 people in the system congested the queueing area and influenced the 
time required to fill orders for others in the system. Some of the 
element three times of service appeared to be lengthened somewhat, fall­
ing into the second interval rather than the first. The presence of 
a busload of 95 people could have conceivably caused the slight 
increase which, in turn, altered the distribution slightl y. Apparently, 
a similar phenomenon occurred on Tuesday, although it was not obvious to 
the observer. The change may have been due to the make-up or configura­
tion of production personnel. The arrival of customers may have 
affected service, if the arrivals were mor e sporadic than constant. 
Tuesday and Thursday had the greatest range of interarrival times, 0.01 
to 1 0.42 and 0.02 to 1 1 .69, respectively , indicating a somewhat sporadic 
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arrival of customers ( Table 4 . 3, page 3l}o The total number of arrivals 
for these two days was similar to that of the other two weekdays . Such 
sporadic arrivals could result in periods when the system was full and, 
in turn, caused the time of element three to be lengthened slightly and 
fall in the second interval, rather than the first . The plots of the 
other days are on file in the Department of Food Science, Nutrition and 
Food Systems �dministration at the University of Tennessee, Knoxville . 
A second possible explanation for a slightly longer element 
three value might be performance of the employee in response to the 
demands of the system . When the system was full, the employees may 
have been motivated to be more productive ; when customers arrived 
sporadically, the employees may have relaxed somewhat and lowered the 
level of productivity. 
Another possible explanation of a slightly longer element three 
could be the fact that with sporadic arrivals and a resulting unfilled · 
system the employee probably waited at the pickup counter for the 
items ordered, rather than taking the order of a second customer .  Thus, 
time allocated to element two when the system was full was allocated 
to element three when the system had fewer customers . 
Simulated element three service times were predicted from a 
regress{o� model whose partial regression coefficients had been 
determined from the observed element three service times and correspond­
ing ffequency of items in each food category �  The partial regression 
coefficients were determined from the following model : 
y = a + blXl + b2X2 + b3X3 + b4X4 + E 
Where: 
Y = Observed element three servi ce ti me for each order 
a = Intercept 
b
1 
= Partial regression of Y on nunt>er of burgers 
x
1 
= Nunt>er of burgers ordered 
b
2 
= Partial regress ion .of . Y on ·number of beverages 
x
2 
= Number of beverages ordered 
b
3 
= Partial regression of . Y on number of french fries 
x
3 
= Number of french fri es ordere9 
b4 
= Partial regressi on of Y on number of onion rings 
x4 = Number of oni on rings ordered 
E -= 'Y ... ?, , where Y. =· · Esti mated v·a1 ue of · el ement . three . 
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The esti mated values of the parti al regression coeffi. cients by food 
category in the re.gression .model for .the eight days observed are pre­
sented in Table 4 . 8 .  Coefficients of detenninat, on .are given for each 
day to reflect the variation in time which has been explained by the 
regression roodel o Thus, for the two samples obtained on Friday I and 
Friday II about 56% of the variation in time was explained by the 
regressfon . equation . Saturday and Tuesday only had about 22% and 33%, 
respectively, of the variation in  servi ce t ime explai ned .by the regres­
sion equations for the respecti ve days . 
Behavior was observed that appeared to have infl uenced the time 
of element three . Special orders, such as mustard and pkkle only, 
increased servi ce time if the service employee had to wait on production . 
During very hectic times of service wi th many customers i n  queues 
. awaiting service, special orders were called out over · the mi crophone 
to production personnel immediately after the customer said the item, 
TABLE 4 . 8  . 
EST IMATED VALUES OF  THE' PART IAL REGRESS ION COE°FF IC I ENTS BY FOOD CATEGORY I N  THE REGRESS I ON 
MODEL FOR · THE E IGHT DAYS O BSERVED FOR D ETERMI NATION  OF  THE .SIMULATED ELEMENT 
Days 







Fri  day I I  
THREE SERV ICE TI MES I N  THE SERV I C E  COMPONENT OF A . FAST FOOD OPERATION 
( I ntercept ) 
0 . 1 69 
0 . 31 1  
0 0 203  
0 . 276 
0 .  1 89 
0 . 1 62 
0 . 086 
-0 0 005 
Pa.rti al Regressi an Coeffi ci ents · 
· b1 · 
( Burgers ) 
. b2 
( Beverages ) 
0 . 31 4 0 0 1 04 
-O o 001 O o  1 1 6  
O o 2l 3 O o Ol 7 
-0  e 040 0 . 093 
0 . 232 -0 . 037 
0 . 1 50 0 . 1 25 
O o  1 62 0 . 1 1 2  
0 . 206 0 . 243  
. 
b 
(French rri es ) 
. . . . . . . . . . . . . . . . 
0 . 029 
0 .  1 69 
0 .; 070 
0 . 1 31 
0 . 91 1  
-O o 0l 9  
0 . 06 7  
0 . 1 03 
(On i o�
4
R i  ngs ) 
- - - ---* 
- 0 .  256 
0 .466 
0 . 273 
0 . 264 
1 . 095 
0 . 29(1 
0 . 620 · 
. . . . . . . . . . . . . . . . . . .  
Coeffi ci ent of 
Deter.Rli nati on 
(R2 ) 
0 . 5639 
0 . 2238 
0 . 5795 
0 .  7730 
0 . 3346 
0 .  51 27  
0 . 51 68 
0 . 5604' 
. *No on i 9n r i ngs were i n  the o rders that _were_ observed and t imed fo r el ement  three val ues . 
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rather than after the entire order was placed. This was an effort by 
service personnel to eliminate excessive service times. The management 
policy of taking a maximum of three orders before filling the first 
order sorretimes resulted in the service employee ' s  waiting at the pickup 
counter for one or more items o In hectic times the production personnel 
might not hear a special order, necessitating repeating the order and 
increasing the total tine of element three. If all the customers had 
had their orders taken, the service employee might wait · at the pickup 
counter for an order, thus, increasing the time attributed · to element 
three, rather than having that time applied to the waiting time in 
the second queue, element two. 
Onion rings were not continuously prepared as were french fries 
but were dropped into the fryer- when · the - service personnel called out 
the item as the customer placed his/her order o The production of 
onion rings occurred in the same area as french fries and had to be 
rotated into the fryer. Once fried, the onion rings were usually 
placed with tongs in the bag one or two at a time, rather than being 
scooped up with a specially designed tool as were french fries. 
Other factors were recognized as possible infl uences on element 
three service times, such as daily · management decisions concerning the 
configuration of production and/or service personnel o For example, a 
change to less experienced personnel preparing burgers, beverages, or 
onion rings could increase production and assembly time of that category 
and, in turn, cause a delay in service. Skill level variation as to 
length of time on the job and degree of training could influence service 
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times. Management decisions could cause changes to occur in all aspects 
of production and service such that the ·compositi on of employees 
scheduled was altered in all stages of production and service o 
CHAPTER 5 
SIMULATION OF THE SYSTEM 
Using the GPSS/ 360, a model was developed to simulate the ser­
vice component of the fast food operation descri bed in Chapter 3 o  
Estimates of the parameters of the model were determined as a result 
of stopwatch ti me data collected. To determine the validi ty of the 
generalized model developed, estimates of the parameters from observed 
data were compared wi th those of the simul ated data o Si mulati ons of 
the system with an expanded menu were done for two days to determine 
the effect on speed of service to the customer and marg in of profi t  
realized by management Q 
5. 1 LOGIC OF THE SIMULATION 
--
The time unit of the simulation was 1 /1 000 of a mi nute to allow 
for rounding off of time uni ts to the nearest hundredth of a mi nute, 
the uni t  of time used in the collection of data · for establ ishi ng the 
parameters. The logk used in bui ldi ng the computer simulati on roodel 
is depicted in Fi gure B o l , \and is  il l ustr�ted using the parameters of 
Fri day . I I .  : ·. 
1 1 Gate NU 11 blocks were used to test if each of the three faci liti es 
(cash regi sters) were not in use� Two queues were designated for each 
facility to si mulate the fonnation of the second queue at each facili ty 
when more than .one order was taken before the · fi rst customer was 
served. To simulate the management poli cy of taking up to three orders 
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when the queues were long before the first order was filled, a series 
of 1 1test 11 blocks, "logic switches 1 1 and · a "gate LR" block were used . 
The first series fo·11 ows the II re 1 ease 1" b 1 ock of queue l and precede .. � 
the "queue 2 1 1 block. If · a 11- three facilities were being used, a 
series of "test" blocks were used to determine the shortest queue for 
the entering transaction to join . The series of "test " blocks were 
named BEE, BOP, BBB, SAS, HOW, and SOC . 
Ten parameters were utilized by the model o · The first two 
parameters contained the values for the nurrber of people in the arri val 
and whether the order was taken out or eaten in . In the next four 
parameters were the number of burgers, beverages, french fries, and 
onion rings ordered, respectively o Parameters 7, 8, and 9 contained 
the element one, two, and three service times, · ·respectively o The 
value of "fvari abl e 3 11 was stored , in paraireter 10 . 
A 6% margin of profit after taxes was assumedo Average pri ces 
were detennined for each category of food ; These were $ 0 90, $ . 30, 
$. 30, and $ . 40 . for the four categories of burgers, beverages, french 
fries, and onion rings, respectively . The correspondi ng assumed 6% 
margin of profit was $ 0 054, $ . 018, $ 0 018, and $ . 024 for each category, 
respectively. These profit values were referenced ' in variabl e 2 .  
The margin of profit of each order was cumulated in "savevalue 10 1 1 and 
the total for the ·· period of observation was printed . Alterations in 
this value and the corresponding changes in · speed of · service were 
evaluated when variations were · made in the system. 
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Audit Trail Data 
Cumulative distributions of the· burgers, beverages·, : french fries, 
and onion rings obtained from the audit trail data were · recorded in 
functions 4, 5, 6, and 7, respectively e In · turn, the numbers in these 
functions were assigned by 1 1assign 1 1  blocks to parameters 3, 4, 5, and 6, 
respectively, of each transaction generated . These val ues were · sunma­
rized in Tables 4, 5, 6, and 7, respectively, in the simulation model . 
The 1 1tabulate 1 1  block and the corresponding table defi nition cards 
referenced the entities of each tabl e o  The cumulative distributions 
of " take out" and 1 1eat in 1 1  orders were recorded as O and 1 ,  respectively, 
in function 3 and were subsequently assigned to parameter 2 o  To simu-
1 ate the logic of 1 1 0 1 1 beverage orders being "take out 1 1  orders, a 1 1test 1 1 
block preceded the assignment of a O or l to parameter 2 .  The order 
was designated "ta ke out" if the order contained no beverages . If the 
order contained one or more beverages, parameter 2 was assigned a O or l 
according to the percentage of 1 1eat in 1 1 and '' take out 1 1  orders observed 
in the remaining orders . These val ues were summari zed in Table 3 of 
the simulation model o The 1 1tabul ate 3 1 1  block and 1 1tabl e 3 1 1  definition 
card referenced the entities of the table. 
Arrival Times 
The arrivals were generated with a 1 1generate 1 1  block accordi ng to 
the mean calculated from the sample data obtained for the day being 
simulated and the cumulative distribution of an exponential distribution 
of a population . The interarrival times were recorded in Table l accord­
; ng to the di stri but ion of the observed data . The 1 1tabul ate l II block . 
and the "table 1 "  definition card referenced the table entities . 
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C umul ative di stributi ons of the number of people in each arri val 
were recorded in function · 2 and subsequently as si gned wi th an " assign "  
bl ock to parameter 1 .  These val ues were · s ummarized in  Tabl e 2 of the 
si mul ati on 1 model o The " tabul ate 2 1 1  and " table 2 1 1  defi nition card 
referenced the tabl e enti ties o 
Service Times 
El ement one e  The cumul ati ve di stri butions of · the· observed 
val ues of element one were recorded in functi on 2 0 ,  which , in turn , was 
used in  the " advance" bl ocks of queues 1 ,  3 ,  an d 5 .  The 11 advan ce 1 1 
bl ock was preceded by a "mark" bl ock and fol l owed by a " tabul ate" 
bl ock to s unmarize el ement one servi ce tirres in  Table 8 of the simul a­
tion model . The " tabul ate 8 1 1  and " tabl e 8 1 1  definition card referenced · 
the enti ties of the tabl e .  
Element two . The di stri b uti ons of the observed val ues · of el ement 
two , the wai ti ng time of the customer in an imagi nary second q ueue after 
pl acement of an order an d before receipt of the food , were not used as 
one of the parameters of the model o The time in  these queue s ,  as wel l 
as the waiti ng ti me of the customer before p 1 a cement of an order ,· was 
cal �ul ated by the simul ation model , given the interarri val times and 
distri bution and the el ement one and el ement three servi ce times . The 
" q ueue" bl ocks for q ueues 2 ,  4 ,  and 6 were preceded by a " mark " bl ock 
and the " depart " bl ock of each queue was fo l l owed by a "tabu l ate" 
bl ock to s ummarize el ement two val ues in Tabl e 10 of the si mul ation 
model . The "tabul ate 1 0 1 1  and " table 1 0 1 1 definition ·card referenced the 
entities of the table. Values generated from this component of the 
model were compared with those observed o  
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Element three. The regression formula derived from the observed 
data was referenced in variable 1 .  The observed element three values 
were normally distributed about the regression line � To obtain the 
variance of each simulated value cofll)arable to the observed data, 
the standard deviation of the observed data was multiplied times a 
random number obtained from a nonnal distribution (Snorm function) 
r . 
� 
with a mean of 0. Variable 1 was added to the variance in 1 1fvariable 3 1 1 ; 
.. fvari·abl e 3u was referenced in parameter 1 O which was used in the 
1 1advance 1 1  blocks of queues 2, 4, and 6 e  The 1 1advance 1 1  block was pre­
ceded by a 1 1 mark 1 1  b 1 ock and foll owed by a · 1 1tabul ate" block to summarize 
element three service ti mes in Table 9 of the . S·imul ation model. The 
"tabulate 9 1 1  and " table 9 1 1  definition card referenced the entities for 
the table. 
Theoretically, the values of parameters 3, 4, 5, and 6 could all 
be 0, since a probability for O of each food category existed o With 
a n_egative intercept, the value of this variable would then be a 
negative number. A negative or zero time in a queue was not logical 
for a transaction entering the queue . In reality, a person could enter 
a queue and not give an order for food if someone, else in the party 
gave the order for one or more people. It was decided that such 
individuals would take one to three sec9nds of time to walk by the 
cash register. Thus, a 1 1test 1 1  block was used before the 1 1advance 1 1  
block of queues 2, 4, and 6 to test if variable 1 were greater than 
0. If not, these transactions were advanced 2 ± 1 ·se·conds � ( .033 ± 
. 01 7). These 1 1test 1 1  blocks were named LIK, LOK, and ADD. 
5.2 COMPARISON OF SIMULATED AND OBSERVED DATA 
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Chi square statistics resulting from contingency table analyses 
of the frequencies of simulated data with the frequencies · of observed 
data are shown in Table 5 e l. .The simulated data were not significantly 
different from the observed data for the following categories: the 
number of burgers, beverages, . french fries, and onion rings ordered, 
the number of people in an arrival, whether the order was 1 1take out" 
or "eat in, 1 1  the interarrival times, and the element one service times. 
The means and standard deviations for the interarrival times and the 
element one service times were similar for observed and simulated data 
for each day (Tables 5.2 and 5.3) o 
The distributions of the observed and simulated element two 
values were statistically different for all days except one (Table 5.1 ). 
The mean values of simulated data for element two were less than that 
for the observed data for a 1 1  days, although the simulated data approxi­
mated more closely the observed data on the two Fridays (Table 5.4) . 
The major differences appeared to be caused primarily by delays observed 
in production. Some of the delays were due to the placement of special 
orders requiring production after ordering; others were delays in 
production due to variations in productivity. The orders on Friday 
evening were observed to be more varied in the freq uency and number of 
food items than on any of the other dayso The production personnel 
TABL E 5 . 1  
C H I  S(JJARE STAT ISTICS RESULTING FROM CONT INGENCY TABLE ANALYSES O F  THE FREQUENC I ES OF S IMULATED DATA 
WITH THE FRE�ENC I ES OF OBSERV ED DATA FOR THE OBSERVATION PER IODS IN  THE 
SERV ICE COMPONENT OF A FAST FOOD OPERAT ION 
Nwrt>er Nurrber 
Cat�or1 es of Data Distribution Nu · er Nuri>er El ement Elenent-n ement 
Number Nunber French Oni on Peopl e "Take Out" Inter- One Two Three 
Burgers Beverages Fri es Ri ngs In Each and 11 Eat In" arri val Servi ce Servi ce Servi ce 
Ordered Ordered Ordered Ordered Arri val Orders Ti mes Times Times Ti mes 
Day .,.2 x"J.. x! l l- l x2 -2 X 2 x2 X 
Friday I 0 . 58 3 . 34 1 . 97 0 . 34 1 . 65 0 .01 4 . 1 4  0 . 51  1 . 1 3  2 . 78 
Saturday 1 . 79 2 . 59 1 . 57 1 . 1 0  1 . 71 0 . 01 3 . 69 ' 4 .05 53 . 1 0* 1 5 . 72* 
Sunday 3 . 22 3 . 06 2 . 37 0 . 22 2 . 1 3  1 . 20 1 . 23 2 .86 27 . 1 7* 5 . 1 4  
Monday 0 . 60 1 . 34 0 .41 0 . 65 0 .84  0 .61 2 . 67 1 . 69 64 . 30* 1 2 . 2 3* 
Tuesday 0 . 29 2 . 76 0 . 54 0 . 00 0 . 65 0 . 74 7 . 35 2 .55 89 .85* 6 . 27 
Wednesday 0 . 1 8  1 . 45 0 . 52 1 . 41 1 . 02 0 . 1 9  1 . 93 4 . 1 1  69 . 34* 1 2 . 90* 
Thursday 0 . 22 2 .67 0 . 34  1 . 35 1 .80 0 .04 0 .46 1 .43 74 .48* 4 . 76 
Fri day I I  0 .60 2 .41 2 . 38  2 . 1 9  1 . 71 0 . 00 3 . 52 1 . 31 78 . 73* 1 7  . 1 5* 
*Si gnifi cant at P < .05 . 
0, 
0 
5 1  
TABLE 5 402 
COMPARISON BY DAY OF-SIMULATED AND OBSERVED INTERARRIVAL TIMES IN 
THE SERVICE COMPONENT OF A- FAST FOOD OPERATION 
Observed S.i mul ated Di fferences 
Standard Standard Observed to 
Mean Deviation Mean Devi at ion Si mulated 
Day minutes minutes mi nutes mi nutes per cent 
Friday I 0 . 71 2  0 . 736 0 0 783 0 . 702 +1 0 . 0 
Saturday 0 . 682 0 . 679 0 0 641 0 . 595 - 6 Q O 
Sunday 0 . 874 0 . 756 0 0 894 0 0 706 + 2 . 3 
Monday 0 . 989 1 . 093 0 . 983 0 � 946 - 0 . 6 
Tuesday 0 . 889 1 0 329 l . 002 0 0 863 +1 2 e 7 
Wednesday 0 . 856 0 0 997 0 . 903 O o 820 + 5 e 5 · 
Thursday 0 . 833 l O 1 71 0 ., 843 0 0 787 :+ 1 . 2  
Fri day II 0 . 697 0 . 629 O a 720 0 . 690 + 3 o 3  
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TABL E 5 . 3  
COMPAR ISON BY DAY OF S IMULATED .A�D OBSERVED EL EMENT ON E SERV ICE 
T IMES IN THE SERV ICE  COMPONENT :OF A FAST FOOD OPERAT ION 
Observed Sj mul  ated Di fferences 
Standard Standard Observed to 
Mean Devi ation Mean Devi ation Simul ated 
Day mi nutes minutes mi n utes mi nutes per cent 
Fri day I 0 . 823 0 . 357 0 . 807 0 0 334 - L 9 
Saturday 0 . 686 0 . 260 0 . 71 5 0 . 257 + 4 . 2 
Sunday 0 . 735 0 . 41 2 0 . 804 0 . 374 + 9 . 4 
Monday 0 . 594 0 . 222  0 . 594 0 . 241 O o O  
Tuesday 0 . 677 0 0 292 0 .  732 0 . 303 + 8 . 1 
Wednesday 0 . 606 0 . 238 0 . 648 0 . 231 + 6 0 9 · 
Thursday 0 . 637 O a 289 0 . 667 0 � 248 + 4 . 7  
Fri day I I  0 . 740 0 . 306 0 . 745 0 0 2 90 + O o 7  
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TABL E 5 .4 
COMPARISON BY DAY· OF S IMULATED AND. OBSERVED EL EMENT JWO 
T IME . VALUES IN THE SERV ICE COMPON ENT OF 
FAST FOOD OPERAUON 
Observed Si mu l ated _ D i fferences 
Standard Standard Observed to 
Mean Devi ati on Mean Devi at i on S imul ated 
Day mi nutes mi nutes mi nutes mi nutes per cent 
Fri day I 0 . 764 0 . 948 0 . 762 1 . 328 - O o 3  
Saturday L21 5 1 0 023  0 . 547 1 . 080 -55 0 0  
Sunday 0 . 896 1 . 095 0 0 300 .o O 706 -66 . 5  
Monday 0 . 865 0 . 884 0 .  1 20 0 . 408 -86 . 1  
Tuesday 0 . 766 0 0 738 0 . 087 0 . 443 -88 . 6 
Wednesday 0 . 703 O o  770 O o  1 1 2  0 . 425 -84 0 1 
Thursday 0 . 834 0 . 788 0 . 1 34 0 0 456 -83 0 9  
Fri day I I 1 . 267 1 . 091 1 . 1 89 1 . 730 - 6 0 2 
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appeared to anticipate a busier serving period on Friday evenings Q Per­
haps management was better able to forecast demand on Friday evening 
and/or the employees were motivated to be more productive on these 
evenings. These factors would need to be studied ·in future · research 
but were not part of the scope of this study . 
The distributions of the observed and simulated element three 
service times were statistically different for four of the eight days 
(Table 5. 1 ). However, the mean and standard deviation of the simulated 
element three service times were very similar to the mean and standard 
deviation for the corresponding observed data for all eight days 
(Table 5. 5). Element three values were simulated with the regression 
formula derived from the observed time values and the corresponding 
composition of that order (category of food items and frequency of each 
category). The failure of the distributions of the · observed element 
three service times to approximate the simulated data for all days can 
be explained, in large part, by the decision to model the composition 
of the simulated order on the observed independent cumulative dis­
tributions of each of the four categories of food items, rather than on 
the cumulative distributions of the orders o Thus, th� composition of 
simulated orders when analyzed as an order rather than as separate 
items could have differed from the observed orders in frequency of 
items within a category and combinations of categories, although the 
independent percentages and ·frequency distribution of each food item was 
not significantly different from the observed datao Thus, the distri­
bution of simulated element three time values could differ from the 
observed element three values, · since these values were derived from the 
55 
TABLE 5 . 5  
COMPARISON . .  B Y  DAY OF '  ·S IMULATED AND :OBSERVED EL EMENT THREE SERV ICE  
T IMES I N  THE SERV IC E COMPONENT OF  A FAST FOOD OPERATION 
Observed Simul ated Di fferences 
Standard Standard Observed to 
Mean Deviation Mean Devi ation Simu l ated 
Day minutes mi n utes mi nutes min utes per cent 
Fri day I 1 . 255 0 . 461 1 .  225 0 . 640 - 2 A  
Saturday 0 . 666 0 . 51 6  0 0 860 0 . 5 1 8 +29 . 1  
Sunday 0 . 938 0 0438 0 . 988 0 . 5 72 + 5 o 3  
Monday 0 . 521 0 . 252 0 . 625 0 . 396 +20 . 0  
Tuesday 0 . 575 0 . 350 0 .589 0 . 361 + 2 .4 
Wednesday 0 . 677 0 . 44 3  O o 8l 6 0 . 61 2  +20 o 5  
Thursday 0 . 5 74 0 0 248 0 . 525 0 0 269 - 8 . 5  
Friday I I  1 . 070 0 . 637 1 0 340 0 ., 7 33 +25 o 2 
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regression formu l a ,  whereby the partial regres si on coeffi cients for 
each category of food was mul tip l ied ·times · the · n umber of items ordered 
in  each category .  
5 .  3 S IMULATION  OF THE SYSTEM WITH AN · EX PANDED MENU 
The next objecttve was · to s i mul ate the system to reflect an 
expanded menu .  Gi ven the 1 i near mode 1 whi·ch was esti mated from mul ti p 1 e 
regression of the observed · ·data as a · basis  for the ·s i rnul ati on , this 
model was expanded by addi-.ng ·one other ·vari abl e to refl ect · an addi ti on al 
men u i tem. To faci l itate this objecti ve· certai n as s umptions were 
neces sary .  These ass umptions were as fol l ows : 
1 .  The variable to be added , fruit ,  was independent of the 
other four vari abl es , burgers , beverages , french fri es , 
and oni on rings . 
2 .  I n  each s imul ation the magni tude of the coefficient was 
seq uenti al ly set to be eq ual to that - for burgers , beverages , 
french fries , and oni on rings 1 res pectivel y .  
3 .  I n  each simul ation the di stri buti on o f  the · freq uency o f  the 
n umber of fruit ·ordered was · seq uenti al ly set to be equal to 
that for burgers , beverages , french -fries , and oni on ri ngs , 
respectively .  
Simul ations were done on two days ; a· week end day and a day 
during the week . Friday I I  was chosen for several ··- reasons . Data were 
col lected on two consecuti ve · Fri days , and the · di stribution of each 
category ordered on · the two Fri days was not si.gni fi' cantly di fferent .  
The coeffi cient of determination (R2 val ue ) for Fri day I I  was 0 ; 56 , 
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and the number of observati ons on Fri day I I  was greater than on Fri day I .  
Monday was chosen as a representative weekday because of i ts h igh 
coeffici ent of determination, 0 . 77 0  
Fresh fruit · was the i tem chosen to be added to the menu . The 
price of the frui t  was set · at $. 20. With ·an assumed 6% marg in of profit  
after taxes, a profit  of $.012  was realized for each p i ece of frui t 
selected by a ·customer. The constant, 0 01 2, was placed i n  vari able 2 
and multi plied ·t imes the number of fruit  ordered. The total value of 
vari able 2 for each transacti on was cumulated in  "savevalue 10 1 1 to pro­
vi de the total margi n of profit  reali zed for the period of simulation . 
The cumulative distri buti on assumed for the number of fruit  was 
recorded in  functi on 10 . The random number generated by function 10 
was assi gned to parameter 1 2. These values were · summarized in  Table 11 . 
The "tabulate 11 1 1  block and "table 11 1 1 defini tion card referenced the 
entities of the table. Element one whi ch consi sted of the customer ' s  
g iv ing the order to the employee, the employee ' s  calli ng out the order 
to the service personnel, taking the rooney, and maki ng change, was 
assumed to be only marginally affected o Thus, element one was not 
altered in  the si mulation of the system wi th an expanded menu . 
S imulati on of Fri day I I  
The average percent uti li zati on of · the three service faci liti es 
(cash regi sters ) was i ncreased for all si mulations; roost reached 
maximum .capacity {Table C.1 ) .  The average percent . utili zation . . 
of the service .  faci l i ti es in  two of · the simulations was simi lar 
to the average percent uti lization of the service faci li ti es 
. before the menu was expanded; these similarities occurred when the 
coefficient of fruit was equal to the partial regression coefficient 
of french fries and the distribution of the number of fruit ordered· 
was equal to that for beverages and for onion rings. The average 
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time per transaction in each of the three service facilities, the aver­
age for all element one and element three values, was not greatly 
altered by any of the simulations (Table C. 2). The greatest variation 
. -
was an increase in two-thirds of a minute at service facility one. A 
better insight into changes occurring in the system with each simulation 
can be obtained by comparing element three service times and the waiting 
time of the customer. 
The change in the mean time required for service (element three l 
and the corresponding percent change in margin of profit were the larg­
est when the coefficient of fruit was equal to the partial regression 
coefficient for onion rings, except when the distribution of the number 
of fruit ordered was, also, equal to that for onion rings (Tables C . 3 
and C. 4). The partial regression coefficient for onion rings was the 
largest of the four categories. As a result of the large proportion 
of time allocated to fruit when its coefficient was equal to that of 
onion rings, the average time per transaction (customer ) in all six 
queues and the maximum number of customers that did accumulate were 
unrealistically long and , thus, unfeasible (Tables C. 5 and C. 6). 
The service times that were most similar to the simul ated system 
with the original menu occurred primarily in two ways : (1 ) when the 
distribution of the number of fruit ordered was equal to that for onion 
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rings, i . e .  when only 15% of the orders contained fruit; and (2) when 
the coefficient of fruit was equal to the partial regression coefficient 
of french fries, i.e. when the unit service time of fruit was low 
(Table C. 3). The margin of profit �r these simulations approximated 
in two cases and increased in the others the margin of profit realized 
by the system before the fruit was added · (Table C �4) . When the distri­
bution of the number of fruit ordered equalled that of burgers and the 
coefficient of fruit equalled the partial regression coefficient of 
french fries, the margin of profit increased approximately 26% 
(Table C. 4), while the average time for service increased onl y O o ll4 
minutes or 8.5% (Table C . 3). The average time per transaction (cus­
tomer) awaiting service {queues 1, 3, and 5) increased five times 
(Table C.5). The number in queues 1,  3, and 5 increased, also (Table · 
C. 6). In addition, the time spent by the customer and the number of 
customers waiting to receive the food {queues 2, 4, and 6) increased 
(Tables C. 5 and C. 6). 
The configuration that caused the smallest increase in service 
time and in waiting time for the customer and provided an approximate 
11% increase in margin of profit occurred when the distribution of 
fruit equalled that of beverages and the coefficient of fruit equalled 
the partial regression coefficient of french fries (Tables C . 3, C o 4, 
and C. 5). The service time increased 0 . 080 minutes. Thi waiting time 
increased 0. 799 minutes for queue · 1 ,  and remained approximately the 
same for queues 3 and S o  The maximum · queue length was not altered 
(Table C.6). Zero or two beverages were ordered most frequently o 
Orders with one beverage were · third in frequency o The partial 
regression coefficient of french fries was low. Thus, if the 
60 
distribution of fruit ordered were equal · or similar to that of beverages 
and the contribution to service time were · minimal, fruit could be a 
profitable addition to a fast food service operation, while not alter­
ing appreciably the waiting time of the customer and the time required 
for service and at the same time, providing an initial step to satisfy 
an increasing consumer wish for a more varied menu. 
Simulations of Monday 
The average percent utilization of the three service facilities 
was only negligibly altered by any of the simul ations (Table C.7). 
None of the facilities was fully utilized in the simulation of the 
system as observed; the average percent utilization of facilities 1, 
2, and 3 were 0 .575, 0.324, and Oo l89, respectively . The average time 
per transaction (customer) in each of the three service facilities or 
the average element one and element three service times of each customer, 
.. was not greatly altered in any of the simulations (Table C . B) o  The 
largest variation was approximately one-fifth of a minute o 
The simulations of the system on Monday with the expansion of the 
menu to include fruit res ulted in  mini mal effects on the speed of 
service to and the waiting time of the customer while resulting in a 
1.6% to 12.4% increase in margin of profit realized for the two-hour 
period simulated (Tables C o9, C o lO, and C ell) o The greatest increase in 
the mean ti me required for service was the simulation in which the dis­
tribution of the number of fruit ordered equall ed that of burgers and 
the coefficient of fruit equalled the partial regression · coefficient 
of onion rings (Table C . 9). The increase, however, was only approxi ­
mately one-third of a minute . The total service time , when the negative 
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partial regression coefficient of burgers ·was used as the coeffi ci ent of 
fruit, remained approxi mately the same o In addition, ·the total servi ce 
ti me was not measurably changed when the dis tri buti on of · fru i't equa 11 ed 
that of onion rings, i . e e  when only 7% of the orders contained fruit . 
The percent change in the margi n of profit · was greatest when the 
distribution of fruit was equal to that for burgers or for french fries 
(Table C.10). These two distri butions had a smaller percentage of 
orders with zero fruit ordered; thus, more orders contained frui t and 
the amount of profi t was increased slightly o 
On an average, the waiting ti me of the customer in the queue was 
not altered to any degree (Table C.11 ) o  As di scussed in  secti on 5 c 2  
of this chapter, the waiting time in queues 2, 4, and 6 was considerabJ y 
less in the simulation of the system with the original menu than when 
times were obtained by stopwatch measurements c The reason · for this  
discrepancy on all days except Friday was thought to  be due pri marily 
to delays in production especially when special orders were placed . 
The maximum number in the queues in the si mulation of the system with 
an expanded menu approximated the maximum number when the system as observed 
was simulated (Table C . 1 2). · Thus, according to the data obtained, the 
addition of fruit to the menu on Monday would not· measurably increase 
the time of service nor the waiti ng time of the customer and would 
provide some increase in profit d 
CHAPTER 6 
CONCLUS IONS, RECOMMENDATIONS, AND SUMMARY 
Quite applicable to analysis of queue formation, General Purpose 
. . 
Simulation System/360 (GPSS) was shown to be an effective tool for 
rmdeling the service component of a fast food operation : The data 
collected before construction of the model provided basic information . . ... - . 
for managers of and researchers in food systems administration o  These 
data allowed the estimation of the parameters in the model. 
6. 1 CONCLUSIONS 
Basic data were · obtained regarding various aspects of .the service 
component of a fast food operation. The frequencies by c_ategory of 
food ·ordered were specific to the day of the week. The distributions 
of the frequencies by category of food ordered on the two Friday nights 
were not significantly different. The ordering of a beverage (s) 
appeared to be a function of whether the order was to be taken out or 
eaten in the establishment. The arrivals met the criteria for a poisson 
process; the distribution of the frequency of interarrival times was 
exponential. Differences were noted in weekday and week end patterns 
of the number in an arrival ,  larger groups were noted on the week end 
�ays observed . 
The mean element one servi ce times were l arger on the week end 
days. Occurrences whi ch were observed to have influenced the element 
one service times were noted. The distri butions of the frequencies of 
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el ement · -One · service times appeared to be mul t imoda l; s 1 ow.er service 
times appeared to have a nonnal distri bution . and · faster times , 
a di fferent nonnal di stribution .  The effect causing the mul timodal i ty 
was not determined i n  the scope of this study . 
The waiting time of the customer after the pl acement of an 
order and before receipt of the food was greater , for the most part,  
on  week  ends than during the week . Except for two days , the distribu­
tion s of the overal l frequency of el ement three time val ues were 
exponential . Sporadic arrival s of c ustomers on those two days were · 
bel ieved to have affected the di stri butions ,  causing fl uctuati on in  
demands on  produ ction and producti vity of production and servi ce 
personnel . 
Partial regression coeffi cients were determined by day for each 
category of food i tems . The percent of vari ation i n  time expl ained 
by the regression equati ons varied for each day . Behavior was noted 
that appeared to have infl uenced the variation in el ement- three val ues . 
Simul ations of the system with an expanded menu were done on the 
parameters of Friday evening and Monday noon to determine the effects 
of an addi tional item (speci fied as fruit )  to the menu . Fri day eveni ng 
with l arger orders and l onger service and waiting times of the customer 
was more sensi ti ve to the addition of an item. Analysis of the vari a­
tions indi cated that , gi ven the system on the week end day observed, the 
configurations of the addition of fruit coul d be profi tabl e to manage­
ment if the unit servi ce time of frui t were low and the frequency of 
the n unber ordered were simi l ar to that fo r beverages , i .e . ,  approxi mately 
36% contained zero fruit; 19% of the orders had one fruit; 25%, two 
fruits; 14%, three fruits; and 6% had more than three fruits . 
The addition of frui t to service from 11 : 00 a. m .  to 1 : 00 p. m .  
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on Monday, given the configuration of the system on that day, did not 
measurably increase the time of service nor the waiting time of the 
customer in any of the simulations . In addition, an increase in margin 
of profit was noted. 
Thus, when the service component of a fast food ··operation was 
studied, the addition of fruit to the menu through simulati on i ndicated 
that the vari ous aspects of the queue were not negatively altered on 
Monday, while the margin of profit increased. The impact of the 
addition of fruit on a Friday evening, however, had more of a negati ve 
effect on waiting time of the customer. 
Although simulations were done only on Monday, the service times 
and distributions of the number of people arriving on the four days · 
during the week were comparable . · Thus, the addition of fruit to the 
menu should be seriously considered by management for the four week 
days, because such an additi on appears to be profi table, to maintain 
current speed of service, and to provide a less calorically dense i tem 
with more fi ber . Evi dence appears, also, to exi st from the si mulations 
of the system with · an expanded menu that the addition of fruit  on 
Friday ·evening may be profitable to management and desirable to the 
customer . Such advantages, also, may be obtained from the addition of 
frui t on the other days of the week end, si nee the servi ce tines and 
the distri butions of the number of people arrivi ng on these days were 
coffl)arable . 
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6 . 2  RECOMMENDATIONS 
The simul ati on model devel oped can be uti l i zed in future , 
research as the basi c component to whi ch more refined data are app l ied 
to achieve a more dynami c model . The model , al so , can be used at the 
graduate l evel to demonstrate and to provide experience with the 
management too l  of simul ation . 
The simul ated data compared favorably with the observed data 
with two exceptions :  the el ement two val ues , the wai ting time of the 
customer after p l acement of an order and before receipt of food , and 
the el ement three time val ues , the time required to fi l l  an order . 
The l ack of comparison of el ement two val ues and their · di stributions 
was attributed primari ly to del ays in  production ; such - delays were 
observed to be caused by p l acement of a special order that · requi red pro­
duction after orderi ng and by vari ations in producti vity . The aspects 
of production and producti vity were not within the scope of this study .  
I n  addition , the effects o f  the configuration of empl oyees and manage­
ment decis ions were not considered in  this study .  A l l these factors 
are recogni zed by the researcher as es senti al · components that ul ti;-. · · 
matel y affect service. The data· �o l l �cted indi cated that vari ation i n  
el ements within a day and vari ation . of times from day to day di d occur . 
. . 
Observations were noted as to poss ibl � caus�s : for some of these vari a-
ti on s . Additional research is  needed to identi fy an d· to · q uantify these 
other as pects of the various components of a fast food servi ce operation 
that affect the waiting time of the customer and margi n of profit 
real i zed by management . 
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The di stributi on of the frequenci es of the s i mul ated element 
three values varied from those of the observed values, although the 
mean servi ce t imes were comparable. Thi s variati on was attri buted to 
the necessi ty for usi ng the independent cumulati ·ve di stri buti ons. The 
number of combinati ons of food i tems ordered duri ng ·the two-hour 
observati on peri od was hi gh; approxi mately one-half of the sample 
orders on weekdays and two-thi rds 9f those on week ends were observed 
to be ordered only once. The number of frequencies for many of the 
order composi ti ons was deemed too low to provi de a feasi ble approach 
to si mulati on, although joi nt di stributi ons of food i tems were 
recogni zed · by the i nvesti gator as probably real. Observati on i n  a 
fast. food ·operation ··�ver · a·· longer peri od of ti me· could provi de a 
suffi ci ent data base to si mulate the composi ti on of an order according 
to the cumulati ve di stri buti on of the combi nati ons of food i tems. 
The additi on of fruit to the menu was concluded to be apparently 
profi table and desi rable duri ng the week and possi bly advantageous on 
Fri days and the other days of the week end. Addi ti onal study in  whi ch 
refined data collected over a longer peri od of time and obtained on 
addi ti onal aspects of the system are needed. 
6.3 SUMMARY 
Away-from-home. eati ng has increased i n  the past decade as has 
the growth in fast food restaurant chains with a limited menu. Con­
sumers concerned about nutri ti onal quality, also, may want fast servi ce. 
A management tool i s  needed in  the food servi ce industry, especi ally 
i n  the area of fast food servi ce, ·to · generate data on which to base the 
decision to add menu items which could better meet the nutri'ti onal 
needs of the clientele while maintaining an acceptable margin of pro­
fit and meeting service needs of the clientele . 
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The purpose of this study was to develop and val i'date · a computer 
simulation model of the service component of a· fast food service 
operation and to analyze the influence of an additional item on speed 
of service to the custoner and margin of profit realized · by· management. 
Data were collected for eight consecutive days in a fast food service 
operation during. peak serving periods , as defined by the manager and 
confirmed by preliminary study. The data were · analyzed to determine 
the parameters to be utilized in the simulation model , 
General _Purpose Simulation System/360 {GPSS) was used to model 
the system. The composition of the order was simulated according to 
the independent cumulative distributions of the frequency of items in 
each category. Whether the order was to be taken out or eaten in was 
simulated according to the cumulative distributions of the frequencies 
observed. The mean interarrival tirre for each day was used . . in the 
model along with the distribution of the interarrival times, all of 
which were exponential. 
The service times were divided into three elements. Element one 
consisted of the customer 's  pl acing an order and the employee 's  calling 
out the order to production · personnel , tak ing the money and making 
change .  The observed distribution of el ement one service times was 
used i n  the simul ati on model . Element two comprised the waiting ti me 
of the customer after placement of an order and before receipt . of food ; 
this element occurred only when· more than one order was taken by the 
service person nel before the fi rst  order was fi l l ed .  These observed 
val ues were not used i n  the si mul ation model , because in  GPSS , gi ven 
the mean interarri val time and distribution and · servi ce times , the 
number of tran sactions . ( customers ) and the time in a q ueue bui l ds up 
over time according  to the occurrences within the system . El ement 
three cons i sted of the emp l oyee ' s  pi ckin g up a sack or tray , wal ki ng 
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to the pickup co unter, fi l l i ng the o�der , ret�rning to the counter, and 
gi vi ng the order with the· reques ted · condiments to · the · customer . Element 
three service ti mes and the category and correspondi ng frequency of 
items ordered wi thin each category were used to detennine thro ugh  
regres sion analysi s the parti al  re gression coeffi cients by day of  each 
category of food .  The regression equation was used . in · the model to 
obtain the s imul ated element three val ues . 
The distribution of the frequencies of the simul ated data was 
not si gni ficantly di fferent from that of the observed data · for al l 
categories acros s al l ei ght days , except for elements two and three . 
The vari ations  i n  element · two distributi ons were bel ieved to be due 
primari ly  to various aspects of production whi ch were not wi thin the 
scope of thi s study .  Al though · the di s tribution. of the frequency of  
simul ated element three val ues of four days di ffered signi ficantly from 
those of the observed val ues , the mean s · for both sets of data were 
comparable . The variations in  the distri butions were attri buted to 
the deci sion to model the composi tion of the simul ated order on  the 
observed independent cumul aUve dis tri bution of each of the four cate­
gories of food items , rather than on · the cumul ative di stri butions of 
the orders . 
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Si mu l ati ons of  the system wi th ·· an expan ded menu were done on  two 
of the days to determi ne the effect of an addi ti onal men u i tem on 
s peed of servi ce to the customer and margi n of' profi t rea 1 ized by the 
management . Fri day and Monday · were the days on · ·whi ch these si mul ati ons 
were made . Fri day even ing  wi th l arger orders an d l onger servi ce and 
l on ger wai ti ng ti mes of the customer was mo re sen s i ti ve to the addi t\on 
of a menu i tem . The addi ti on of fru i t to the menu i n · the s i mul ation 
mode l di d not negati vel y al ter the vari �us aspects of the queue on 
Monday . The · concl u s i on was made that the addi ti on of frui t to the 
men u duri ng the· week shoul d · be cons i dered by management . Further study 
of the sys tem on week end days ·, especi al ly  Fri day even ings , was 
reconmended to better assess the addi ti on of· frui t duri ng that ti me o  
Further res earch was recommended , a l so � to i dentify· and quanti fy other 
components of the fas t food servi ce ope rati on that affect wai ti n g  ti me 
of the · customer and margi·n of profi t reaHzed · by , management through 
the co l l ecti on of · refi ned data over a l onger peri od of ti me o  
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FLOWCHART - OF THE -S IMULAT ION MODEL 
The parameters of Friday I I  were used as examples in the fl owch art . 
The data for the function definition cards , function fol l ower cards , table 
definition cards , and the vari able definition cards for Friday I I  are as 
fol l ows : 
1 FUNCTION RN1 ,C24 
0 , 0/ . 1 , . 1 04/ . 2 , . 222/ . 3 ,  .. 355/ . 4 ,  .. 509 
. 5 ,  . 69/ . 6 ,  . 9 1 5/ . 7 ,  1 . 2/ .  75 , 1 . 38/ . 8 ,  1 . 6  
. 84 , 1  . 83/ . 88 , 2 . 1 2/ .9 , 2 . 3/ . 9 2 , 2 . 52 
. 94 , 2 . 81 / . 95 , 2 . 99/ .96 , 3 . 2/ . 97 , 3 . 5  
.98 , 3 . 9/ . 99 , 4 . 6/ . 995 , 5 . 3/ . 998 , 6 . 2  
. 999 , 7/ . 9997 , 8  
2 FUNCTION RN2 , D7 
. 542 , l / . 799 , 2/ . 909 , 3/ . 978 ,4/ . 991 , 5  
. 997 , 6/1 . 0 , 7 
3 FUNCT ION RN2 , D2 
. 78 , 0/ 1 . 0 , l  
4 FUNCT ION RN2 , D9 
. 092 , 0/ . 288 , 1 / . 623 , 2/ . 830 , 3 
. 934 ,4/ . 977 , 5/ . 992 , 6/ . 997 , 7/ l  � 0 , 9 
5 FUNCTION RN2 , D6 
. 356 , 0/ . 550 , l / . 802 , 2/ . 944 , 3/ . 992 ,4 
1 .  0 , 5  
6 FUNCTION RN3, D7 
. 254 , 0/ . 560 , l / .81 9 , 2/ . 924 , 3/ .987 ,4  
. 997 ,6/1 . 0 , 7  
7 FUNCTION RN3 , D6 
. 847 , 0/ . 962 , 1 / . 990 , 2/ . 992 , 3  
• 99 7 ,  4 / 1  . 0 ,  5 
20 FUNCTION RN4 , Cl 0  
. 083 , 330/ . 200 , 480/ . 383 , 630/ . 583 , 78 
. 733 , 930/ . 900 , 1 080/ . 950 , 1 230/ . 967 , 1 38 
. 983 , 1 530/1 . 0 , 1 620 
SNORM FUNCTION RN3 , C 25 
0 , -5/ . 00003 , -4/ . 001 35 , - 3/ . 00621 , -2 . 5 
. 02275 , - 2/ . 06681 , - l  . 5/ . 1 1 507 ,- 1  . 2  
. 1 5866 , - 1 / .  21 l 8� , ':' • . 8/ .• 27425 , - . 6 
. 34458 ,- .4/ .42074 , - . 2/ . 5 , 0  
F i gure 8 . 1 .  Fl owchart of the Simul ation Model . 
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. 57926, . 2/ .65542, . 4/ . 72575, . 6  
. 78814, . 8/ . 84134, l / . 88493, l . 2  
. 93319, l . 5/ . 97725, 2/ .99379, 2 . 5  











IA, 390, 380, 15 
Pl , 1 , 1 , 8 
P2, 0, 1 , 3 
P3, 0, 1, 11 
P4, 0 ,  1 ,  7 
P5, 0, l , 9  
P6, 0, 1 , 7 
MP7, 330, 150, l l  
MPS, 540,460, 11 
MP9, 530, 540, l l  
1 VARIABLE 206*P3+243*Pl+l 03*P5+620* P6-5 
2 VARIABLE 54*P3+18*P4+18*P5+24*P6 
3 FVARIABLE .637*FN$SNORM+Vl 
Fi gure B . 1 . (Continued) 
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Fi gu re 8 . 1  ( conti nued ) 
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Figure B . 1  (continued) 
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APPENDIX  C 
DATA OF I NFLU ENCE OF ADD ITIONAL MENU ITEM 
ON VARIOUS · ASPECTS OF THE SYSTEM 
\0 
(.t.) 
TABLE C . 1  
AVERAGE P ERCENT UT IL IZATIOrf OF T HE THREE SERV ICE FAC IL IT I ES ON  FRIDAY W I TH  TH E  EXPANSION OF 
THE MENU TO INCLUD E FRU IT IN T HE S IMULATION OF THE SYSTEM 
Coeffici ent of Fru i t  
Equal .to Equal to . Eq��1 _to · Eq�al_ to 
Di s tri buti on Servi ce That of That of · . That of That of 
of N umber of Faci l i ty Burgers Beverages · French .Fri es Oni on Ri ngs 
. Frui t Ordered N umber , Percent . Percent Percent Percent 
Equal to 1 .999 .999 . .998 .999 . 
That of 2 .989 . .990 .988 .992 
Burgers 3 .988 .989 .963 .991 
Equal to 1 .999 .999 . .967 .999 
That of 2 .989 . .988 .924 .988 
Beverages 3 .970 .981 . 856 .976 
Equal to 1 .999 . .999 . .999 .999 
That of 2 .988 .989 .975 .991 
French Fri es 3 .987 .988 .978 .990 
Eqtipl . to 1 .999 .983 .963 .996 
That of 2 .984 .951 .906 .959 . 
Oni on Ri ngs 3 .983 .924 . 885 .924 
aln the s i mul ati on .of the system before expans i on of th� .menu_,_ _the average. uti l i zati on of 
faci l i ti es 1 ,  2 .  and -3 was 0.944 , 0 . 891 , and 0.833 percent , res pecti vely �  
TABLE C . 2  
AVERAGE TIME PER TRANSACTIONa (CUSTOMER) IN. EACH . OF. THE THREE. . SERV ICE FAC IL ITI ES ON FR IDAY. WITH 
THE EXPANS ION OF THE MENU TO INCLUDE. FRU IT  IN . THE S IMULATION OF THE SYSTEM 
. . . . . . . . .  
. . Coeffi ci ent · of Frui t 
Eq ual to Equal to Eq ual t.o Equal to 
Di stri buti on Servi ce That of That of That of. T.fiat of 
of Number of Faci l i ty Burgers Bev.e.rage.s.. . · French . F.ri es , .. . Oni on Rings 
Frui t Ordered Number _Mi nutes Mi.nutes · Minutes Mi nutes . . . . .  •, . 
Equal to 1 1 . 1 34 1 . 243 · 1 . 009 1 . 548 
That of 2 1 . 1 80 · 1 . 2 00 .. . .  � 1 . 067 . 1 . 501 
Burgers 3 1 . 1 79 . 1 . 1 99 1 . 096 1 . 51 2 
Equal to 1 1 . 1 37 1 . 093 1 . 1 45 1 . 21 5 
That of 2 1 . 1 05 1 . 268 1 . 037 1 . 339 . 
Beverages 3 1 .  085 1 .  031 O .  945 1 .  299 
Equa 1 to 1 1 • 036 1 . 1 22 O .  999 1 . 285 
That of 2 1 . 1 36 1 . 1 59 . 1 . 072 . . 1 . 360 
French Fri es 3 1 . 048 1 . 073 1 . 029 1 . 325 
Equal to 1 1 . 055 0 .. 943 0 . 960 1 . 070 
That of 2 0 . 951 0 . 994 0 . 942 1 . 048 
Oni on Ri n gs 3 0 . 959 · 0 . 983 1 . 01 5 1 . 1 1 3  
al n  the si mul ati on of the system before expans i on of the menu ,  the average ti me per 
trans acti on was 0 . 896 , 1 . 1 5 7 ,  and 0 . 922 mi nutes for faci l i ti es· 1 ,  2 ,  and 3 ,  respecti vely . 
"° 
..s::a, 
TABLE C. 3 
CHANGE IN THE MEAN T IME REQUIRED FOR SERV ICEa { ELEMENT THRE E )  
ON FRIDAY WITH THE EXPANS ION OF THE MENU TO INCLUDE 
D i stri bution 
of N umber of 









French Fri es 
Equal to 
That of 
Onion Ri ngs 









Coeffi ci ent of Frui t 
Equal to Eq�al to 
That of That of 
Beverages French Fries 
Minutes Mi nutes 
+0.424 +O . 114 
+O. 261 +0.080 
+O. 21 8 +0.029 
+0.001 -0 ,033 
Equal to 
That of 
Oni on Ri ngs 
Minutes 




a ln  the s i mulation of the system before expans i on of the menu , 
the average element three value was 1 . 340 minutes. 
95 
TABLE C . 4 
PERCENT CHANGE . IN THE MARG IN OF ' PRO.F IT ON FRIDAY W ITH THE 
. EXPANS ION .. OF THE MENU: TO I NCLUDE. FRU IT IN THE SIMULATION 
OF THE SYSTEM AS COMPARED TO THE S IMULAT ION 
OF .THE SYSTEM · AS OBSERVED 
Cdeffi c i ent of Frui t 
Equal _to Equal _ to  Eq val to Equal to 
Di stri buti on That of That of That of  That of 
of N umber of Burgers Beverages. - · · French Fri es On ion R i ngs 
Frui t Ordered Percent Percent Percent Percent 
Equal to +28 . 3  +35 . 3  +25 . 8  +85 . 7  
That of 
Burgers 
Equal to +21 .4 +23 . 1  +1 0 . 6 +29 . 7  
That of 
Beverages 
Equal to +20 . 8  +29 . 6  + 9 . 5 · +46 .4  
That of 
French Fri es  
Equa l to + 3 . 2  + 0 . 1  + 0 . 7 + 3 . 1  
That of 
On ion Ri _ngs 
96 
Di s tri buti on 
of Number of 









, French Fries 
TABLE C . 5 
AV ERAGE TIME . PER TRANSACTION.� . (.CUSTOMER) .I N . QUEU ES . ON FRIDAl . .  WIIH.- THE EXPANSION 
OF THE MENU TO INCLUDE FRU IT IN THE SIMULATION · OF THE . SYSTEM 
. . . . .  Coeffi ci ent of frui t 
Equal to Equal · to Equal to . Equal to 
That of That of That of That of 
Queue Bur�rs Beverages French Fri es Oni on Ri ngs 
Number . .  Mi.nutes Mi nutes . .  · Mi n utes . .  · ·Minutes 
. . . . . . 
1 5 . 984 9 . 1 70 5 . 722 28 .41 3 
3 5 . 862 8 . 320 5 ·. 561 2 7 . 773 
5 5 . 1 22 7 . 632 5 . 053 27  . 1 51 
2 2 . 44 1 4 . 1 26 2 � 992 1 6 . 785 
4 2 . 308 3. 925 2 .486 1 6 . 81 5  
6 2 . 071 3 . 580 � ' •  2 . 31 8  1 6 .  702 
1 4 . 466 6 .4 37 2 . 404 8 . 037 
3 4 . 1 01 6 . 891 1 . 272 8 . 331 
5 3 . 249 . 5 . 01 0 0 . 895 7 .41 5  
2 1 . 909 3 . 1 58 1 . 324 4 . 1 36 
4 1 . 788 3 . 300 0 . 726 3 . 876 
6 . 1 . 465 2 . 229 0 . 447 3 . 469 
l 7 .453  9 . 594 3 . 91 6 1 6 . 684 
3 7 . 661 9 . 685 3 . 579 1 6 . 856 
5 6 . 266 8 . 495 2 . 900 . 1 6 . 050 
2 3 . 476 5 . 038 . 1 .- 630 9 .448 
4 3 . 537 5 . 732 1 . 602 9 .  931 
6 3 . 099 4 .  71 6 1 . 297 9 .  31 1 
TABL E C . 5 (CONTI NUED ) 
. . . . . 
Coeffi ci ent of Frui t 
Eq ual to- - -Equal to Eq ual to Equal to 
Di s tri buti on That of That of That of That of 
of Number of Queue Bur�rs Beverages French Frf es On ion Ri ngs 
Frui t Ordered Number Minutes - Minutes_ Minutes Min utt!s 
. . . . . . . .  
Equal to 1 4 . 307 2 . 546 2 . 1 48 2 . 1 96 
That of 3 3 . 31 3  2 . 326 1 .490 1 . 850 
Oni on Ri ngs 5 . 2 . 81 7 1 . 876 1 . 388 1 . 351 
2 1 . 82 7 1 . 1 46 0 .  998 1 . 085 
4 1 . 407 1 . 097 0 . 674 1 . 01 6 
6 1 . 203 0 . 996 0 . 648 0 . 878 
a l n  the s i mul ati on of the sys tem be fore expans i on of the . menu., the average t.i me- per trans acti on 
in queues 1 ,  3, and 5 - was 1 . 605 , 1 � 348, and 0 ,687 , respeeti vely ; the ave�age time per transacti on in 
q ueues 2, 4 ,  and 6 was 0 ; 850, 0 . 858 ,  and 0 . 45 3 ,  respecti vely .  
"" 
00 
Di s tri buti on 
of Number of 
F rui t  Ordered 









TABL E C . 6 
MAX IMUM NUMBER OF CUSTOMERSa _IN EAC H QU EU E W ITH THE EXPANS ION . OF THE MENU 
TO I NCLUDE FRU IT  'IN THE S IMULATION O F  THE SYSTEM 
Coeffi cient of Frui t 
Eq-u-al to . Equal to Equal to 
That of That of Th at of 
Queue Burgers Beverages French Fries 
N umber N umber N umber Num6er 
1 6 9 5 
3 5 9 5 
5 5 8 5 
2 4 5 4 
4 3 5 4 
6 3 4 3 
1 6 7 3 
3 6 7 2 
5 6 6 2 
2 4 4 2 
4 3 4 2 
6 2 4 2 
1 6 9 5 
3 6 8 5 
5 6 8 5 
2 4 5 4 
4 4 5 3 
6 3 5 3 
Equal to 






1 4  
1 3  
1 2  
1 0  





1 4  
1 4  






TABLE C . 6  (CONTINUED ) 
Coefficient of Fruit 
Equal to Equal to Equal to Equal to 
Distribution That of That of · . · That of That of 
of Number of Queue Burgers Beverages French Fri es Onion Rings 
Fruit Ordered Number Number Number Number Number 
Equal to 1 5 3 4 3 
That of 3 4 3 3 3 
Onion Rings 5 4 3 3 2 
2 4 2 2 2 
4 3 2 2 2 
6 2 2 3 2 
aln the simulation of the system before expansion of the menu,  the maximum number·of  customers 

















That  of 
Oni on Rings 
TABLE C .  7 
AVERAGE PERCENT UTI LI ZATIONa OF THE THREE SERV ICE FAC IL I TIES ON MONDAY WITH THE 
EXPANSION OF THE . MENU- TO INCLUDE .FRU IT IN THE SIMULATION OF THE SYSTEM 
Coefficient of Fruit 
Equal to Eq ual to Equal to Equal to 
Service That of That of That of That of 
Facil ity Bur�rs Beverages French Fri es Onion Rings 
Number Percent Percent Percent Percent 
1 . 605 . 544 . 574 . 624 
2 4' 362 . 372 . 387 .466 
3 . l79 . 1 64 . 1 78 . 2 1 9 
1 . 61 3 .532 . 563 . 590 
2 . 368 . 359 . 370 .41 5 
3 . 1 81 . 1 58 . 1 63 . 21 1 
1 . 588 . 637 . 622 . 6 39 
2 . 340 . 376 .41 7 .41 1 
3 . 1 63 . 1 61 . 1 75 . 21 9  
1 . 622 . 639 . 641  . 640 
2 . 346 .404 .. 405 .408 
3 . 1 52 . 1 58 . 1 58 . 1 67 
al n  the simul ation of the system before expansion of the rTEnu, the average util ization of 
facil ities 1 ,  2 ,  and 3 was 0 . 575 , 0 . 324 , and 0 . 1 89 percent� · respectively � · 
__, 
__, 
TABLE C .8 
AVERAGE TIME PER TRANSACTIONa (CUSTOMER) IN EACH OF THE THREE SERV ICE  FACILITIES ON MONDAY WITH 
THE EXPANSION OF THE MENU TO INCLUDE FRU IT IN THE S IMULATION OF THE SYSTEM 
Equal to 
Distri bution Service That of 
Coefficient of Fruit 
Equal to Equal to 
That of That of 
Equal · ta 
That of 
of Number of Facil ity Burgers. Beverages French Fries Onion Rings 
F rui t Ordered Number Minutes Mi n utes Mi nutes 
Equal to 1 . 51 9  . 621  . 659 
That of 2 . 509 . 586 . 6 1 8  
Burgers 3 . 538 . 571 . 556 
Equal to 1 . 526 . 597 .633 
That of 2 . 51 7 . 579 . 589 
Beverages 3 . 543 . 552 .534 
Equal to 1 : . . 533 . 584 . 579 
That of 2 . 447 .557 . 61 7 
French Fries 3 . 566 . 549 .562 
Equal to 1 .546 .547 . 549 
That of 2 . 467 . 491 . 492 
Oni on Ri ngs 3 . 564 . 51 8  .51 8 
aln the simul ation of the sys tem before expansion of the menu, the average time per 










. 61 1  
.557 
. 496 





CHANGE IN THE MEAN TIME REQUIRED FOR S.ERVICEa (ELEMENT THREE) ON 
MONDAY WITH THE EXPANSION OF THE .MENU . TO INCLUDE 
Distribution 



















- . 055 
- . 039 
- . 070 
- . 040 
· Coefficient of Fruit 
Equal to Eq val to 
That of That of 
Beverages French Fri es 
Mi nutes Minutes 
+ . 095  + ._ 1 37 
+ . 059 + . 086 
+ . 037 + . 075 





+ . 324 
+ . 222  
+ . 1 92 
- . 020 
aln the simulation of the system before expansion of the menu, 
the mean el ement three value was · 0 � 527  minutes. 
1 03 
TABLE C . 1 0  
PERCENT CHANGE I N  THE MARGJN O F  PROF IT ON . MONDAY W ITH THE 
EXPANS ION OF THE MENU TO INCLUDE FRU I T  I N  THE 
SIMULATION OF THE SYSTEM AS COMPARED 
TO THE S IMULATION OF THE 
SYSTEM AS OBSERVED 
Caefficient · of Frui t 
Equal . to . �qual ta .. . . Eq�al to · Equal to 
D i s tri bution That of That of That Gf That of 
of NLBTiber of Burgers · Beverages = . French . Fri es Oni o n  Ri ngs 
Fru i t Ordered Percent Percent Percent Percent 
Equal to +1 2 . 4  +1 1 . 5 +1 1 . 2 +1 1 .4 
That of 
Burgers 
Equal to + 8 .4 + 7 . 5  + 7 . 2  + 7 . 2  
That of 
Beverages 
Equal to +10 . 8  +1 3 . 0  +1 3 . 0  +1 3 . 3  
That  of 
French Fri es 
Equal to + 1 . 6 + 3 . 3  + 3 . 3 + 3 . 3  
That of 
Oni on Ri n gs 
1 04 
TABLE C . 1 1  
AVERAGE TIME PER TRANSACTIONa ( CUSTOMER } I N  QU EUES ON MONDAY . WITH THE EXPANS ION OF THE 
MENU TO I NCLUD E FRU IT IN  THE S IMULAT ION OF THE SYSTEM 
Equal to 
Di s tri bution Th at o f  
o f  Nunt>er o f  Queue Burgers 
F rui t Ordered Nunt>er Mi nutes 
Equal to 1 0 . 025 
That of 3 0 . 000 
Burgers 5 0 . 000 
2 0 . 026 
4 0 . 000 
6 0 . 000 
Eq ual to 1 0 . 026 
That of  3 0 . 000 
Beverages 5 0 .. 000 
2 0 . 027 
4 0 .000 
6 0 . 000 
Equal to 1 0 . 040 
That of 3 0 . 01 3 
Fr-ench Fries 5 0 . 037 
2 0 . 047  
4 0 . 01 0  
6 0 . 000 
Coeffi ci ent of  Frui t 
Equal to 
Th at of 
Beverages 
Mi nutes 
0 . 068 
0 . 074 
0 . 000 
0 . 029 
0 . 000 
0 . 000 
0 0 060 
O e 074 
0 . 000 
0 . 025 
0 .000 
0 . 000 
0 . 028 
0 . 000 
0 . 000 
0 . 071 
O o OOO 
0 ., 000 
Equa 1 to · · · 
··  
Equa 1 to 
Th at of That of 
French Fries Onion Ri ngs 
Mi nutes Mi nutes 
0 . 078 0 . 203 
0 . 083 0 . 087  
0 . 0 74 0 . 048 
0 .01 3 0 . 027 
0 . 000 0 . 080 
0 . 048 0 . 000 
0 . 065 0 . 1 21 
0 . 079 0 .083 
0 . 064 O .OJ8 
0 . 01 1  0 .01 4 
0 . 000 0 . 000 
0 . 051 0 . 09 7  
0 .• 032 0 .072 
0 . 000 0 .028 
0 . 000 0 . 01 5  
0 .083 0 . 1 05 
0 . 000 0 . 000 
0 . 000 0 . 036 
__, 
TAB LE C . 1 1  (CO"TINUED ) 
Equal to 
Coeffi ci�nt of  Fru i t 
Equal to Equal to Equal to 
D i strib uti on That of  That of That of That of 
of  N umber of Queue Burgers Beverages French Fri es Onion  Ri ngs 
Fru i t Ordered Nurrber Minutes t-,i nutes Mi n utes Mi nutes 
Equal to 1 0 .053 0 . 081 0 . 081 0 . 082 
. Tha t of  3 0 . 01 6 0 . 038 0 . 038 0 . 038 
Onion  R i ngs 5 0 . 042 0 . 029 0 . 029 0 . 028 
2 0 . 057 0 .098  0 . 098 0 . 100 
4 0 . 01 1  0 . 04 7  0 . 047 0 . 047  
. 6 0 . 000 0 . 034 0 .034 0 . 032 
al n  the s i mul ati on of  the system before expans i o n  of the menu , th e average time per 
transac tio n  i n  queues 1 ,  3, and 5 was 0 � 1 01 ,  0 . 029 , and 0 . 027  mi nute� respecti vel y ;  the average 




D i stributi on 
of  Number of 




Equal  to 
That of  
Beverages 
Equal to 
That of  
French Fries 
TABLE C . 1 2 . 
MAX IMUM NUMBER OF CUSTOMERs1 IN  EACH QUEUE W I TH THE EXPANS ION OF THE 
MENU TO INCLUDE FRU IT  I N  THE S IMULATION OF THE SVSTEM 
Equal to 
That of  
Queue Burgers 



















Coeffi ci en t  of Fru i t 
Equal ·· to 
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TABLE C . 1 2  ( CONT INUED ) 
Coeffic ient  of  Fruit 
Equal to Equal to Equal to Equal m 
Dis tribution Th at of That of That of That of  
of  Number of Queue Burgers Beverages French Fries Onion Rings 
Fruit Ordered N umber Number Number Nunt>er N uni>er 
Equal to 1 1 2 2 2 
That of  3 1 1 1 1 
Onio n Ri ngs 5 1 1 1 1 
i 2 2 2 2 
4 1 2 2 2 
6 1 1 1 1 
a ln the simul ation of the system before expansion of the menu ,  the maximum number of customers 





FORMS FOR · ·DATA COLLECT ION 
FORM D .  1 
FORM FOR COLL ECTI ON OF AUD IT  TRAIL  DATA 
Date_· ____ Day ____ Begi nni ng .Ti me ____ En�i ng Time __ 
CATEGORI ES OF FOOD 
·T IME  TRA BURGER BEVERAGES FF OR · DESSERTS a/b 
- ·  
- . 
1 1 0  
1 1 1  
FORM D.2 
FORM FOR COLLECTION OF· ARRIVAL TIMES 
Date ___ Day ___ Endi ng · ti me_: ___ Begi nn i ng ti me __ . __ _ 
ARRIVAL ARRIVAL ARRIVAL 
TIMES NUMBER TIMES · . : . NUMBER · TIMES NUMBER 
1 1 2  
FORM D . 3 
FORM FOR COLLECTION OF ELEMENT ONE AND .ELEMENT TWO TIME VALUES 
Place Date Day ------- ------- -------
Endi ng time Weather Beginnin� ti me ---- ---- -------
ErJl)loyee 
-----------
COMMENTS ELEMl:.N I ONE ELEMENT TWO 
Take order , rin� it Waiting time 




1 1 3  
FORM D . 4 
FORM FOR COLLECTION OF ELEMENT THREE SERV I CE T IMES 
AND CATEGORI ES OF FOOD ORDERED 
P l ace Date Day Endi ng ti me ---- ---- ---- -----
Weath er Begi nni ng time Empl oyee ------ ------ ------
El ement Three No . of  Food  I tems Chosen i n  Each Category 
F i  11 o rder and . ues serts 
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